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. Xi*r: ;i. on "1 io »v -.i. ^'jrv^q *. 

:vi; :•»*:■■; .: > ; u» ■ *. :J ■•.*»• • . . / ;.- - . ;■*.».. • ' ; v , - 

: V . >»*".:*:■- .* vi ". : : % . ■.* . / •» - . , 

^ * d^r-v - f • > y, ^^E™ 71 "^ " PROTEASE " INHTPTTORff. 

] . ■ ;J; --Li ■ : ;* ; . . v. . - ^ . ; . 

. _ . . Background of ^h^ Wnfj on 

o 



# The present invention relates to retroviral' protease 
10 inhibitor compounds/ pharmaceutical compositions thereof, and- 
vrr ; _ c a r «ethod;of teeatihg ^etojyiral 4 diseases '" therewith,.' including 

zth states associated' with human 

' "imunodeficiehcy virus " (HIV-1, HIV-2) ^ 1 ' '" t " 

kTrJtr,.oq--QS2.Ji «t*. h-:.n . r : -i r ., rr ^. ; .. : ,. ( . . . r;% r 
Retroviruses, that is, viruses within the family of 

.r,.^.^^',' a x re a class of viruses which transport their 
genetic material as ribonucleic acid rather than 
deoxyribonucleic acid. , Also taown "as RKA-tjanbr* viruses, 
their presence has been associated with a wide ranee of 

lo bir.^^rf o^5^l^ d :c^b^u-: ^., be ^^^° ^ the 

20 ^ " causative agents in pat^ rt1 ^» ^ 



^. - 20 causative agents in "pathological states associated with 



^ . ,ra.,,i^>^^ ;«Sn< murine leukemia virus. 

* ; t ( ^ V) / "OMe maxmnary tumor virus (MMTV) , feline ieukemia 

virus # (FeLV) , bovine leukemia virus (BLV) , Mason-Pfizer 
_ monkey virus (MPMV), simian sarcoma virus (SSV) / simian 
25 acquired Immunodeficiency syndrome (SAIDS) , human T- 

lynqphotropic virus (HTLV-I, -il) and human immunodeficiency 
virus (HIV-1, H1V-2) , which is the ^ etiologic agent "of AIDS 
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(acquired immunodeficiency syndrome) and AIDS related 
complexes, and many others . Although the pathogens have, in ' " 
many of these cases, been isolated, no effective method for 
treating this type of infection has been developed. 
5 Retroviral replication occurs only in host cells. 

Critical to this replication is the production of functional 
viral proteins . Protein synthesis is accomplished by 
translation of the appropriate open reading frames into 
polyprotein. constructs, which are processed, at least in 

10. part, by a viral protease into the functional proteins. The 
proteolytic activity provided by the viral protease in 
processing the polyproteins cannot be provided by the host ' ..' 
and is essential to the life cycle of the retrovirus. In 
fact, it has been demonstrated that retroviruses which lack 

is the protease or contain a mutated form of it, lack 

infectivity. See Katoh et al., Virology, 145, 280-92(1985), 
Crawford, et al., J. Virol., 53, 899-907(1985) and Debouk, et 
al., Proc. Natl. Acad. Sci. USA, 84, 8903-6(1987). 
Inhibition of retroviral protease, therefore, presents a 

20 method of therapy for retroviral disease; 

The use of isosteric replacements has been disclosed as 
a strategy for the development of protease inhibitors for 
HIV-1. European Patent Applications CT-A : 337 ^,714, EP-A 357 
332, EP-A 346 847, EP-A 342 541, '*EP-A 352 OOO^EP-A 393 445 

25 and EP-A 434 365 are representative, and are incorporated 

herein by reference. These references disclose dipeptide 

.-.i*r :-.:< <-.'.•,!•.■* :v T:-.i.: vo-CK.SU* a -a*? ^.tt >. YJC wi j3>.. *:i * 

analogs of the natural polyprotein substrates of retroviral 

proteases. As discussed therein, these dipeptide analogs 

* v : ■ - u -\ ■ tour- *;;^>- .oh'O s-a.'-J^; iit^.i-*.^ .^.V: 

bind selectively and competitively to retroviral" proteases; 

30 however, the protease is unable to cleave the carbon-carbon 
bond presented to it instead of the scissile amide bond of 
the natural substrate. Thus, such compounds are useful for 
inhibiting viral replication, by inactivatibn of the protease. 
The incorporation of heterocyclic elements in the P3* and P4 1 

35 substrate positions of compounds containing a dipeptide 

isostere has been disclosed by deSolms et al«, «J. Med. Chem. , 
34, 2852 (1991) . However, these compounds can be less than 
desirable for obtaining ojptimal drug delivery in mammalian " 
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organisms, particularly in humans. Some of these compounds 
can also have a less than desirable serum half-life, and 
therefore ^d^t^^f'^ action,, because they contain .amide 
bonds in relatively hTgh proportion, and thus are prone to 
5 metabolic degradation, hepatic clearance, or other 
elimination mechanisms* . . " " 

w There exists a . need : f or novel compounds, which inhibit 
: V S^PT 1 ^ which 

>; possess, desirable pharmacokinetic properties for good drug 
10 delivery and metabolic stability for good serum half-life and 
. duration of action.,.. Such pharmaceutical uses provide 

therapies for. retroviral .diseases in mammals, especially in 
humans, which have been heretofore difficult to treat. 

15 SUMMAKY OF THE TWTOK[^ T ^ W 

The present invention provides "compounds, hereinafter 
represented as formula' (I); which bind to retroviral 
proteases. These compounds are inhibitors of retroviral 
20 proteases and are useful for treating diseases related to 
infection by retroviruses. 

The present invention also provides a pharmaceutical 
composition comprising a compound of formula (I) and a 
pharmaceutically acceptable carrier. 
25 The' present invention additionally provides a method for 

° J ting- retroviral : disease/ comprising* administering to a 

mammai in need" 1 thereof an effective amount of a compound of 
** 0 * fo^ . " • 

^ ' T " ^ 1 U . PETATLKD ^^TPTTnM HP * m TWVRCTTAM 

1 M The* compounds r of the present invention are illustrated 

by ' formula 0 ( I) *: - : - 0l * ; " ; o . . ::. 
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R 5 

* OH R 3 

wherein: * ' ' " " 

R 1 and R 3 are each independently 
5 Q-Ci-ealkenyl, QK^-calkynyl or C^^yiV substituted 

1 to five fluorine atoms/ each optibnkl*^ 

Q is R, C^.gcycloalkyl, C^cyclbalkenyi;^ Ar or Het 

R 2 is H 'or OH; * : " * r ' lo- V-V^v-h/^b oi 
R 4 is R^-NR 11 - or CONR^CHR^R 7 ;" ; ?c - 1 i} 
10 - * R 5 is RS-NR 11 - or R^-NR 1 *— ;" * : v L - ^ t; fj 



-cr 



R 6 is 
X is NR 11 , O or S; 

R 7 is Q, Q-C^galkyl or Q-C 2 _ 6 alkenyl; . , 
R 8 and R$ are each independently H, OH, 4 halo, NO2, COR 12 / 
is CF 3 , Ar, C^galkyl-RiS, or R 17 (R 18 R 15 C)^ ; or "togretiier form a 
fused C2-4alkylene r aryl or heteroaryl moiety; 

R« is A-(B) n -; \ ^ • * : 

. , R 11 is H or Ci-4alkyl; . ......... 

, R 12 is R 7 / OR 7 , NR 7 R^ or ( an ^amino acid or . amino alcohol; 
20 B is an amino : acid; . ]q un , fU ^ ttl 

A is H, v Ar, ,»t f rR^mW^ciau, Aj^-w/ Het-W or ' _ 
.^R^CR^R^OarW^ or.,phthaloyl each optionally substituted by 
one to three groups chosen from R 15 .or^Ci-salkyl-R^; 

W is 0=0, OC(«0), HRUC(^0), 8C(^),.KRUe^(-«)^ SO2, 
25 NRHSO2 or P(=0) (OR 22 ); 

R 15 is H, nitro r Ci-^alkoxy,; Ci-galkylthiOr 0(C=0)R", 
COR22, C02R 22 , C0N(R"> 2 , N<R 22 ) 2 , NHC ("N) NH— A, I, Br, CI, F, 
OR", or OH, provided that when ^Jlsja^ubstituent of the 
carbon adjacent to W, R 15 is not halogen > or , OH when . W is 
30 OC(=0) or NHCO; j ; " • 

. R 16 is H or Ci-galkyl; r " 

R 17 , Ri8 and R 19 axe independently: i) H, R 15 or 
Ci_ 4 alkyl, C2-galkenyl r phenyl, naphthyl, C3_gcycloalkyl or 
Het, each optionally substituted by one to three R 15 or 



WO 93/02057 



PCT/US92/06047 



5 - 



" R.^-Cx^alkyl , groups, or ii) R« is as above rand <R«r19c) are 
joined together to form a phenyl/ naphthyl, c 3 - 6 cycloalkyl or 
Het .ring, or iii)^R« .is as above and R" and R" together are 

:- vu 5 o ,-■;.» R ? 2 i s lH/.9pi-6al^lr Phenyl or phenyl-Ci_4alkyl; 

\ric io CH 2 X"[((CH2)rO) 8 ]R 26 , or benzofuryl, : indolyl, azacycloalkyl, 
oi-wrroi azabicyclo -C7-iicycloalkyl:!or benzopiperidinyl, optionally 
lc «?.ioj . substituted-. with Ci-4alkyl; • - - • ,. - ; 

s is 1-6 and r is 1-3' within each repeating' unit s; 

,rJ '"- J ' : v X'--is CH 2 , "JO/ or NH; . ••- 

(a) v i/; X" -is^CHa^-KRV 0, S,- SO or SO2; •' • • . 

nvR2^ ;ami RZS.axe^ij. c^^yj.^ optionally' substituted by 
15 OH, Ci- 3 alkoxy, or N(R«) 2 , ii) the same or different and 

joined -together to form a 5-7 ''member heterocycie containing 
up to Itwo additional hetero'atoms selected ; from NR, "0, S, SO, 
r v M.rs02,vsaid;heterocycle optionally substituted with Ci- 4 alkyl, 
iii) aromatic heterocycle^ optionally ' substituted with 
20 Ci-ialkyl-or N(R , ) 2 ; r - . -s- *r* ' ' . ' :v »v 

• R*' is H or Ci_4alkyl;.'V • v, , r. -. - <•;'-■. 

J v R2« is fl,-C x - 4 alkyl> C(-0)R27, C(-0)U[ (CH 2 ) n 0]nR«, 

' iP(=0) <0M> 2 , ^^'Cq 2 R27;-C(=0)NR27R28 r where M £s a ^ Qr . 
• •. .'v:divalent imetal.ion, and U is NR' or 'O;- 1 - ' . • ' .. 
25 r27 i s Ci- 6 alkyl or Ar, optionally substituted with^one - 

or. more i hydroxy, :carboxy,. l halo, Ci_ 3 alkoxy; C0MR' 2 , NR' 2 , 
; C^R', S02NR' 2 , GH 2 KR 2 , •'iHR'COR' , NR'S^R'v [ (CE 2 ) a K' or 
. •: ; : -CH2X«i-(CH2) r 0l8R- , 7--»A»? i •• .■>.} ?■* v/Mt. 

o5.r28 fi S ; h, Ciigalkyl^ or" together with f orms 'a : 5-7 
J 30 ' 'tmemberea-heeerocycle or r a 6 menbered hetero'cycie containing a 
J heterbatom- selected from N, O and S; ^ ' 

• m is 1-4; and ,. . :•> -. : 
i. a -re-.'X .m i 8 0^br;l;"v'.? , Ic-n-.j: ; ; V: <*;*"•:•.;■•.••.;'■. • 

or a pharmaceutically acceptable salt thereof. 
«35. ^:r r : , ; i Alsoiincluded--in this invention are- pharmaceutically 
, /. acceptable'* addition ^alts, complexes or prodrugs of ! the 
compounds: of thiss invention. -Prodrugs are" 'considered to be 
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any covalently bonded carriers which vlref ease /the active 
* parent drug according, to formula* (I) 'In^viyo. ' l>u>as<*'r' 
' Formula (I) is* intended to 5 ^compass all: unique 
nonracemic stereoisomers which may occur due to the* presence 
5 of asymmetric carbon atoms: in- tKie : ;-moiecule£ ^ Such compounds 

may occur ; as pure enantibmers** or irdiastereomeris '* or as a 
.f mixture of individual stereoisomer*^ rt \The^^^ 

substituent moiety which may occur: morerthah.)once ;in formula 
(I) is independent of any other -occurrences:^ Combinations of 

10 substituents and/or variables are permissible only if such 
, combinations result .in. stable con^ounds^^r t ;v 

Compounds of this invention^which^ include;:; acyclic double 
bonds may be present in neither the. cis-(Z) cor "trans (£) 
geometrical configuration : with' respec^ ; :tb:^any -two 
15. « substituents.. . : — . ;; ... • • ;>?■? % pec Jlr^rO 
f . . y . When X is NH, ; it will be ^appreciated that t the t >;- 
x heterocyclic ring is an imidazole; which icari t undergo . 

1 1 ; . r tautomerization. All^ tautomeric? forms: of j the ; imidazole are 

: within : .,the scope of,* this, invention, o-ii r>h-h*r.v?.* i-*: 
20 Suitably R 1 and R 3 are Ci-galkylyn Ar-Ci-ealkyl ri : 

Ar-C2-ealkenyl, Ar-C2-€alkynyl r Ci-$alkyl optionally 
substituted by one to five fluorine -atoms or benzyl 
substituted in the 4-position rby .R 2 ?;-^ 

benzyl and R 3 is; benzyl, 4-hydroxybenzylf;Or*phenylpropenyl. 
25;; v, Suitably R 2 is.H.- -. , - i X ^^.xO ' " 

t . Suitably :X is S or N-R u . preferably :X:;is;:NH^fi- ;• 
» fO Preferably. R 4 is CONR 11 ^^ 7 /^) ,'r^;>. 

Suitably R 5 is R 10 -WR 1X . Preferably^R^is) t->' ; ;r 
y. butyloxycarbonylamino : or isoprdpyloa^carbonylainino. 
30 Suitably R 7 is E, Cj-^alkyl, C3-ecycloalkyl r ^ phenyl or 

benzyl. Preferably R 7 .is Ci-galkyl^ Isopropyl v is-most 

preferred. ■ b'r • '* *~^> '" ' 

Suitably R 8 is H, Ci-tfUJcyl, COR 1 ?, ; N02 or Br, Preferably 

R 8 is H. V," v/ ■: - : ; v. S;. i'l'^.y ij ■isaw-. nsJki,;:. 
35 Suitably, R 9 is H fiL NQ2, ;Br,; C0R^ r :)»CF3»tte^Ci-6alkyl:/or 

Ci-6alkyl-R 15 r wherein /R 12 is H,. Ci-ealkyl^-ArV ^OCil^alkyl, 
. \, ■ NH2/ ; ,and R 15 is OH. .Preferably ,R 9 . is H^or^ COR 1 ? ±:?;mx> . 
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.« i * Suitably B is, Ala or , Val . Preferably m is 0 and B is 
•v:i.t absent,. ; v ~: . • ., v .■.•*- . 

Suitably A is Het, R 17 (R 18 R 15 C) m""W r Ar-W,pr Het-W. 
: f j . Suitably : R 17 , R 18 an<i r" are . H,, or Ci- 4 alkyl, Het or Ar 
5 1?, optionally substituted by. one ? or- two R 1 . 5 or Ci-$alkyl-R 15 , or 
(R 18 R 19 C) are joind together to.. form a phenyl r C3-6cycloalkyl 
; \ or Het.ring.- v....- V : ..{.< ; . ... : ; ; 
-S- ; I Suitably W is C-O, OC («0) , . NHC («0) , NHC(«S),?;or SC(C-O). 

Suitably R 17 (RVR« c)n - is Ar-CH 2 # .Ar, t .Het, Het-CH 2 , 
10 ) C^al^ substituted by one to 

three; ; groups : : selected from R*5 . . Suitably ; R 15 . is .OH . When R 17 
- or (R 18 R 1 .9C) , are Het or Ar, > Het is suitably quinolinyl, 
. ?b pyridyl, imidazolyl,; thiazolyl, .>tetrahydrothiopyranyl or 

tetrahydrppyranyl, and Ar is phenyl. - ' .-jr.-.s-r i-v* - 
15 Suitably R 23 is hydroxy-Ci- 4 alkoxy, Ci-4alkoxy- r" 

: i : ; Ci-4alkoxy> -or ;-0(CH2)2NR?^R 25 ^ wherein R 2 1 and R 2 ? t are are a 
\ :^:5- or .6-membered heterocycle, such as morpholinb. 
In one preferred embodiment W is C=0. : - 
-'i) '.In another j preferred embodiment W is OC(«0). : . 
20 ; ;;lv: In a third* preferred embodiment ; R 10 is Ci-galkylOC (»0) or 
Cs-gcycloalkylOC («0) substituted by one or two .OH or CH2OH 
* groups. -rf. •...'£-;• *\. ;c ..i : 

: ; Representative .compounds of this invention are: 

(2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (t-butoxycarbonyl) - 
25 : amino- 6-phenyl-N- [ 1 • risopropyl-l f - ( 4-aminocarbonyl-thiazo-2- 
yl) Imethyl-hexananiide;, «*; ; - 
(2R, 1$, 5S,1 1 S) -2-phenylmethyl-4-hydroxy-5- (trbutoxycarbonyl)- 
f ■ * aI^^or6-phenylrNTIli^r-isopropylrl ; , -• {thiazo-:2-yl) ]methyl- 
.hexanandde;.; -r-x y- ;]•*■ g- -\: 
30 (2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (t-butoxycarbonyl) - 
•) amino-6-phenyl-N-(l r 7imida20-2-yl)methyl-hexanandde 
-i. hydrochloride; v.;v:.;-. ■-.< r i." i. . . ^ 

<2R, 4S, 5S, 1 % S) -2-phenylmethyl-4-hydroxy-5- (t-butoxycarbonyl) - 
amino^6-phenyl-N-[l»rmet^^ ] , methyl- 

35 -hexanamide hydrochloride ;o. .: . ^ ; - : 

(2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (t-butoxycarbonyl) - 
amino-6-phenyl-N-[l , -ben2yl-l , -(ijnida20-2-yl)]methyl- ' 
hexanamide hydrochloride; 
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(2R, 4S, 5S, 1 9 S) -5- (carbobeniyloxy) ain±rib-*4-hydrbxy-N- (1 
isopropyl-1 1 -imida2ol-2-yl) methyl-6-phenyl-2-ph&ylmethyl- 
' hexanamide; ■ , ■ ;H *x j\ ^U-$js^z 

(2R; 4S, 5S, 1 • S) -5- ( t-butoxycarfionyl) ai^^-hydbrdxyHSI- [1 f - 
5 - isopropyl-1'^ (4, 5-dimet±yl} ^ 
'- v phenylmethyl-hexanamide; ^* ! ^/:b{." V; > ' x >' ; >* : i) 

(2R, 4S r 5S, 1 1 S) -5- ( t-butoxycarbonyl) amino-4-hydrbicy-N- [1 
isopropyl-1 (IT-methyl) imida2bl-2^yl]methyl-6-phenyl-2- 
• : ; pbenylmethyl-hexanaitdde> '■■*r i * r -.-*te) Ki *i 

10 (2R, AS, 5S, 1 t S) -5- (t-butdxycarbon^l) ^kmih6^4-hydrdi^N-- (l y - 
1 isopropyl-1 f -imida2ol-2-yl)me^ 

J phenylpropargyl) hexanamide; * ■ v'r-- : 5f -i) ic 

(2R, 4S, 5S, 1 *S) -5- (ben2yl6xyetKoxycarbonyl) 'amino^-hydroxy-N- 
U , -isopropyl-l , -imida2ol-2-yl)meta^ r : 

15 phenylmethyl-hexanamide; £ £ ^2 v ' * 

' (2R/ AS, SS, 1 ■ S) -5- (methoxycarbonyl) amino-4-hydroxy-N- (1 

isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
hexanamide; 3... ■:. - !? v >io *;L 

(2R, 4S, SS, 1 9 S) -5- (ethoxycarbonyl) amino-4-hydroxy-N- (1 
'< 20 ^isopropyl-l'-imida2ol-2-yl)meth^^ 

hexanamide; ..^ > r.oivs :?■;.">! <v 

(2R, 4S, SS f 1 ■ S) -5- ( t-butoxycarbonyl) am&o^4-hydroxy-N- (1 
isopropyl-1 '-imidazal-2-yl) methyl-6^phenyl-2- (3-phenyl-2- 
propenyl) hexanamide; '- : -i->L*r. . ia- 
25 (2R, AS, 5S, 1 f S) -5- ( t-butoxycarbonyl) amino-4-hydroxy^N- [1 f - 
isopropyl-l'-^-nitroimidazol^^^^ 
• v ' phenylmethyl-hexanamide;^ <U nar^-f!- ; 3; ** ,t .^\?s) 

(2R, 4S., SSf 1 1 S) -5- ( t-*utoxycarbonyl) Sniiab^4^^ (1 f - 

ethyl-1 , -imida2ol-2-yl) methyl-6-phenyl-2-phehylmethyl- 
V 30 hexanamide; . v ;• v - k- nw^-^~ :£* j; .r:;-; ■-. .-=;;:; y .* 

(2R, 4S r 5S, 1 • S) -5- (t-butoxycarbonyl) aniino-4-liydroxy-N- (1 
propyl-l'-imida Z ol-2-yl)me^ 
■"■ 'hexanamide; -.■ Lv ; v-i 

• (2R, 4S r 5S , 1 • S) -5- ( t-butoxycarUonyl) auaino74-hydroxy-N- [1 f - 
35 isopropyl-1 '-(4-bfomoimida2dl^^ 

phenylmethyl-hexanamide; /, i : .: '1 > r .>.;- . .i 
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T ) (2R # 4S / 5S/l , S)-5-(trbutoxyc^bonyl)amino-4^^ 

isopropyl-1 ! i- (4, 5-dibf omoimidazol-2-yl} ] methyl- 6-phenyl-2- 
phenylmethyl-hexanamide; >b ,:»..; > » » ; , * . ; 
• -:J (2R / 4S r 5S / l , S)-S^(t-bu€oxycarbonyl)aIaino•4-hyd^oxy-N-[l , - 
; ;5 i isopropyl-1 J - (4-methylimidazol-2-yl) ] methyl- 6-pheny 1-2- 
phenylmetAyl-hexanaiiri.de; ;;...■;■!- r c ; 

i (2R r :4S / SS / ;l , S)^5-(t-butoxycarbQnyl)aiid^ 
isopropy t-1 (4-trif luoromethylimidazol-2-yl) ] methyl-6- 
phenyl-2-phenylmethyl-iiexanamide; n . - ; , 

10 * • (2R, 4S, 5S, 1 *S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N-raethyl- 
^ : - N- (1 1 -isopropyl-1 1 -imidazi^ 

phenylmethyl-hexanamide; . . -■■*•. 
-v " l (2R r 4S / j5S # l , S)-.5-XtHbutoxycarbonyl)aM 

isopropyl-1 (4-carbomethoxyiinidazol-2-yl) ] methyl- 6-phenyl-2- 
15 .phenylmethyl-hexanamide; \ -Y r ^ v - ; i-v 

(2R, 4S, 5S/1 • S) -5-J t-butoxycarbonyl) amino-4-hydroxy-N- II *- 
- isopropyl-1,? - (4-methylcarbonylimidazol-2-yl) ] methyl- 6-phenyl- 
2-phenylmethyl-hexanamide; 
v.*. (2R, 4S, 5S, l'S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 
20 isop^^!^'- (4-phenylcarbonyl-imidazol-2-yl) ] methyl-6-^ 
pheny 1-2-phenylmethyl-hexanamide ; 
O; (2R; 4S, 5S, l?S)-5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 
> * / >is6propyl-l , -(4-formylimidazol-2-yl) ] methyl- 6-pheny 1-2- 
phenylmethyl-hexanamide; - 
25 - (2R # 4S; 5s;i , S)-S- (t-butoxycarbonyl) amino-4-hydroxy-N- II*- 
isopropyl-1 f - (4- (hydroxymethyl) -imidazol-2-yl) ] methyl-6- 
X ^phenyl-2-phenylmethyl-Hexanamide; : *■■" • 
- 1 1 ) (2R, 4S f SS; ! 1 1 S) -5- ( (tetrahydrothiopyran-4-yl) oxydarbpnyl) - 

* vamirio-4-hydroxy-K- (1 • -isopropyl-1 '-imidazol-2-yl) methyl-6- 
30 phenyl-2-phenylmethyl-hexanamide; ^ ( * v * • 5 - 
~ ( 2R/ 4S/5Spl • S) -5- ( (te£rahydro-4H-pyran-4-yl) oxycarbonyl) - 
f w. amino-4-hydroxy-N- (!»• -isopropyl-1 , -imidazol-2-yl) methyl-6- 
phenyl-2-phenylmethyl-hexanamide; .v - ^ 
(2R, 4S, 5S r 1 • S) -5- (4-picolinyloxy) amino-4-hydroxy-N- (i 
35? : isopropylrl • ^imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
hexanamide; -:-}.-• » l f: -r-fc; .■■-••"*. ■ :•. : 
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- (2R, 4S, 5S, 1 1 S) -5- ( t-butoxycarbonyl) amino-4-:iydr63^-N-{l t - 
: isopropyl-1 • -imidazol-2-yl) me^yl^^-phenyl^- (4 > 4y 4- 
trifluorobut-l-yl) hexanamide ; v ciae: Vi.;. *:Iyj:;.v3 "i v'Wai ~\q ; . 
* ^^SjSSfl'S^S-Ct^utoxycaxboiiyWaMno^^ 
5 isopropyl-1 (4- ( (IRS) -1-hydrbxyethyl) -inddazol-2-yl) Jmethyl- 
6-phenyl-2-phenylroetiYl-hexanamlde; sx^iv-Iy^^-^ ; 
(2R, 4S; 5S, 1 • S) -5- ( t-butoxycarbonyl) amirio^4-hydroxy-N- [1 f - (1- 
methyl) propy 1-1 (imidazol-2-yl) ] methyl-6-phenyl-2- 1 
phenylraethyl-hexanamide;.. ^V*- ^ *>T> ; • ^- -S.-v v-- -'\ 

10,. (2R,4S,5S,l f S)-5-.(prqpylami^ 

isopropyl-1 • - (imidazql-2-yl) ] xnethyl-6-phenyl-2-phenylmethyl- 

hexanamide; ^x^d -ly.te-rtf • *;.:■• m:-" 1 

(2R, 4S , 5S, 1 • S) -5- (4-hydroxybutanoyl) amino-^^hydroxy^-N- (1 . 

isopropyl-1 • -imidazol-2-yl) metbyl-6-phenyl-2— oj ■ >; 

15 phenylmethylhexanamide; ;*•! ^v, *;;;v^ ; 

(2R, 4S f 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (benzyloxy- 
carbonyl) valylamino-6-phenyl-N- (l'-isobutyl-l 'rimidazo^- 
yDmethyl-hexanamide; • ;n : on. :-..:q~\ 
(2R f 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (N-acetylvalyl) - 

20 amino- 6-phenyl-N- ( 1 f -isobutyl-1 1 -imidazo-2-yl) methyl- as 
hexanamide; • \t. . ^ ' . :.\ .vrfty . 

(2R, 4S, 5S f 1 f S) -5- [ (imidazol-2-yl) methyloxycarbonyl] amino-4- 
hydroxy-N- ( 1 • -isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl-2- 
phenylmethyl-hexanamide ; ; ' i£>*;v : : . a --jt" ^ ^ 

25, • <2R,4S;5S,l , S,l w RS)-5-((l n -(imite^ 
propylpxy<»rbonyl)and^o-4-hydroxyr^^ 
inddazol-2-yl)methyl-6^henyl-2-phenylmethy^ 
(2R, 4S, 5S, 1 f S) -5- ( t-butoxycarbonyl) aminor4-hydroxy-N- [1 
isopropyl-1 (4- (intidazol-2-yl) imidazol-2-yl) ]methylr6- 

30 phenyl-2-phenylmethyl-hexanamide;> : : i^a^lq-'^ <---/^v.7 * At 
(2R, 4S , 5S , 1 ' S) -5- { l-oxo-thian-4-yl) oxycarbonyl).amin6-4- 
hydroxy-N- (1 1 -isopropyl-1 , -imidaibl-2-yl) methyl-6-phenyl-2- 
phenylmethylhexanamide; . ■: - b : . ^.v^ - : ;~ * v* 7: - ! ' ( 

• (2R> 4S, 5S, 1 1 S) -5- ( (tetrahyd±osulfonylpyrari-4- >* ~ ' ^y^) . 

35 .yl) oxycarbonyl) amino-4-hydroxy-N- (1 1 -isopropyl-1 f -imidazol-2- 
yl) methyl-6-phenyl-2-phenylmethylhexanamide;.-l ^.ii&fU-rstia 
(2R r 4S, 5S, 1 • S) -5- { (1, l-dimethyl-2- (benzyloxycarbonyl- 
glycyloxy) ethoxy carbonyl) amino-4-hydroxy-N- (1 '-isopropyl-1 
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- v.;. r r ^ lmlda2ol-r2-yll methyl«*6"phenyl-?2«-plieny^mAi'hy1 -hAva^arn^fl 
hydrochloride salt;-. v >„i -, G j. - 

(2R, 4S, 5S, 1 1 S) -5- ( (1, l-dimethyl-2-glycyloxy) ethbxycarbonyl) - 
V{ amino^-hyteoxy-N-U^ 

; : .a J? pkeayirZ-phenyimethyi^^ 

. . t ;,(2R f 48/58^ l , S)-57((l-acetyl)amijio-4-hyd^ 

1 1 rimidazol-2-yl ) methyl- 6-phenyl-2-phenylmethylhexanamide ; 
(2R, 4S, 5S, 1 9 S) -5- (t-butoxycarbonyl) amino- 4-hydroxy-N- (1 1 - 
V* ; >;< u < isopropyl-1 J imidazql-2-yl) methyl- 6-pheny 1^-2- (4- r$ > 

10 benzyloxyphenylmethyl)hexanamide; /. v .?; : ^ 0 .... , : 
• ; (2R, 4S, 5S, 1 ? S) -5r (t^butoxycarbonyl) amino-4-hydroxyHH*- (!•• - 
.c;. isopropyl-1' imTdazol^ryl) methyl- 6-phenyl-2- (4r, 
» f i ~ ; hydrqxyphenyli^tiyl|hexanamide; : ; ; .-. , t> • ; : 
; : b .(2R/4S, 5S)-5r:ltrbutpxycarbonyl)amino-4-hydroxy-2-. 

15 < . phenylmethyl-6-phenyl-N- [1 1 -cyclopropyl-1 ■ -imidazol-2- * 
t. n; -. yl]methyl-hexanamide; j*. -i* ^ , *.: 

i ; - { (2R, 4S,5S,l , S)r5-( (isopropylthiol)carbonyl)-amino-4-hydroxy- 
\ .*h* \ ^-phenylmethyl-e-phenyl-N-^l-isopropyl-l^iiaidazol^- 
t-.v/ o-;.t^-: ; yllmethyl-hexanamide; vr ; . = _ k , • :.. , 

20 <2R,.4S, 5S, 1 f S)r5- [3- (lH-imidazol-2ryl) -3-hydroxy-4- 
• ; ) -methylpentylamido] -f-hydroxyrN- (1 j- isopropyl-1 , -imidazol-2- 
; jI; ; ur ; -t: yl) methyl- 6-phenyl-2-phenylmethyl-hexanamide; i 

v ;o (2R f 4S r 5S, 1 ! S) -5- [ (4-methoxyphenoxy) carbonyl] amino-4-hydroxy- 
- N- (1 f .-isopropylrl 1 -imidazol-2-yl) methyl- 6-pheny 1-2- 
25 phenylmethyl-hexanamide; 
- • i j - 2R, 4S, 5S, 1 f S) -5- (t-tatylamlnocarbonyl) amino-4-hydroxy-N- (1 •- 
a - isopropyl-1 J -imidazol-2-yl)methyl-6-p^ 

(2R r 4S / 5S # l , S)-5- (metAylaminocarbonyl)-; ' ^ n r! 
# I ] ^ aminp74~hydroacy— N- (!.•— isopropyl— 1 \— imidazol— 2-yl) methyl— 6- 
• 3Qi .^phenylmethyl-hexanamide; : ^ . >..-,. . v .. • 

(2R, 4S, 5S, 1 1 S) -5-phenyiaminocarbonyl) aminor4-hydroxy-N- (1 
- r • ( lyc .a isopropyl-1 ' -imidazol-2-yl) methyl- 6-phenylmethyl-hexamide; 
y r .(2R, 4S,5S/l»S)-5-N-.(propylamino«^ 

( 1 • -isppropyl-1 • -imidazol-2-yJL) methyl-6-phenylmethyl- 
35 Ka hexamidef ,,i-..., 0 . \- ■ / : ;,, y- . ;*£ 

^ ->,.< 2R,- 4S r 5S r 1 IS) : "5- (n-propylaminothiono) amino-4-hydroxy-N- 

(1 • isopropyl-1 '-imidazol-2-yl) methyl- 6-phenylmethyl-hexamide; 
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2R, 4S, 5S; 1 • S) -5- (isopropylamino^bbn^ 
(1 * -isopropyl-1 ■ -imidazol-2-yl) methyl-6^henyiiiethyl- 
- hexamide;- \i. ^ ;* - (i 1 X 31; : ^ : . . 

^ ; : (2R, AS,5&, 1 • S) -5- (aminocarbonyl) kn£ri6^4-hy^6Sy-N~ (i • - 

5 1 isopropyl-1 1 -imida2;6l-2-yl) methyl- S^henylm^^ 
' v (2R f 4SV5S # l , S)-5-(6-quin6linylmethyiox^C2^ 

hydrbxy-N- ( 1" -isopropyl-1 • -lriddazoi-2-yl) f m^tiyl-6- 
1 : * '}'■ phenylmethyl-hexaiiamide; ^ — ; ■■ vv^-f ' ^ • ; r. - 

{2R, 4S, 5S, 1 1 S) -5- (benzdyl)'amino^4-hydr^b^-N- (i f ^isopropyl-1 *- 
10 imidazol-2-yl) methyl-6^hmy^thyI^H€&c^aMde; ? n ?' 1 0 * 
(2R>4S, 5S,l*S)-5-(2-furylcarBonyl)an^ 
isopropyl-1 • -imidazol-2-yl) metiyl-6-^^ 

(2R, AS, 5S, 1 • S) -5- (4-methoxybenzbyl) r amino^4-hydrbxy--N- (1 . 

isopropyl-1 f -imidazol-2-yl) methyl-S-plieii'ylmetliy 1-Eexanamide ; 
15 (2R f 4S , 5S, 1 f S) -5-benzylcarbonyI ) amino-4-hydrbxy-N- (1 1 

isopropyl-1 , -imidazol-2-yl) methyl- 6^heriylmethyl-hexaMde; 

(2R f AS, 5S, 1 * S) -5- (4-hydrdacybenzoyl) aminoP4-liydroacy-N- (1 f - 

isopropyl-1 • -imidazol-2-yl) methyl- S-phenylimethyl-hekanainide; 

(2R, AS, SS, 1 f S) -5- (cinnamoyl) aminb-4-hydro3^-N- (l'-isopropyl- 
20 1 ■ -imidazol-2-yl) methyl-$-phe^ylmethyl-hexananiide; > ^ 

(2R, AS, SS, 1 ■ S) -5- (2-hydroxybenzoyl) ainIno^4-hydroxy-N- (1 f - 

isopropyl-1 * -imidazol-2-yi) methyl-6-phenylmethyl-hexanaitiide; 

* - (2R>4S f : 5S,l f S)-5^(imida~zoyl-4-yl-acetyl)k^^ 

( 1 ■ -isopropy 1-1 • -imidazol-2-yl) methyl-6^hfchyimethyl- 
25 hexanamide; * ;*» ^:tn^i vSr^ -^--c£^^'v/^-i^£ 

. (2R, AS, 5S, 1 • S) -5- ( t-but03^carbonyl) am^ [1 f - 

>- .> isopropyl-1 1 - (4-carbomethoi^*t±ylinidazol~2--yl} ]methyl-G- 
phenyl-2^henylmethyl-hexahamide; ^-(c- 1 " * 

(2R, 4S,5S, 1 • S) -5- (t-butoxyt^onyl) ^ 
30 isopropyl-1 • - ( 4-carboxamidoimidazol-2-yl) ] methyl-6-phen^l-2- 
> phehylmethyl-hdcanainide; *l ^ :*i ^?*f'(* : +- ■ 
(2R r 4Sr5S, l^j^-phenylmetAyl^-hydroxy-S-CS-XlHjxo^rpp 
thiazolyl) amino} -6-phenyl-N-(l •-isopfopyl-l 1 - (imidazo-2- 
yl))methyl-hexanamide; V r ;- : ** • * ^ " * ^- ' > 

35 (2R, AS , 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (5- |l-oxopropyl) -2- 

• . thiazolyl) amino) -6-phenyl-N- (l'-isopropyi-l'- (iitddazo-2- 
" ; yl) )methyl-hexanamide; '** *• • • "' ' . •;■ 
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• * \ v(2R, 4S,5S, l, , S)r2^henyliaeUiyir4-hydroxy-5- (Srpropyl-2- 
.-i . r .thiazolyl) amino) -6-phenyl-N- (1 '-isopropyl-i ( *Tn^ a 7 Q-2- 
yl) ) methyl-hexanamide; and • 
. r j -r.(2R,4S,.5S, ^ 

-0-5 v i.l.^ 

Another "group of preferred representative compounds are: 
- ^ -methoxycarbony 1 ] amino- 4- 

• !■ :« hydroxy-N- (1 Trisopropyl-l l -imidazol-2-yl) methyl-6-phenyi-2- 

phenylmethyl-hexanamide; t. 
-? 10; > (2R, 4S, 5S, 1> S) -5r (1> l-dimethyl-2racetoxyethoxycarbonyl) amino- 
4-hydroxyr-NT (1 V-isopropyl-1 1 -imidazol~2-yl) methyl-6-phenyl-2- 
phenylmethyl-hexanamide; i -. 0 : . 
-on jb* (2R, 4S r 5S, 1 'S) -5- ( (l r l-dimethyl-2-hydroxy) ethoxyr 
-i- ' carbonyl)amino-4-hydroxy-N-(l. , risopropyl-l , -(4- . v 

15 isopropylcarbonyl-imidazol-2-yl))metliyl-6-plienylr2- ,t 
. ir> .a ^phenylmethyl-hexanamide dihydrochloride salt;: 

::; (25,45,58, 1«S) -5- ( (lS)-l-methyl-2-hyd^oxyethoxycarbonyl)- 
lv;' :?amirio-4-hydroxy-N- (l'-isbpropyl-l , -imida2ol-2-yl) methyl- 6- 

- ,^ .phenyl-2-phenylmethylhexanamide; v.o- 1 . 1 . • 

* x20 ' ■* l ^2R, 4S, 5S, S) -5-< (1R) -l-methyl-2-hydroxyethoxycarbonyl) - 
;i , r ,aminor4-hycteox^N7.(l: , -isopropyl--l f -imidazol-2-yl) methyl-6- 
f phenyl-2-phenylmethylhexanamide;: t; ■: r • a* r % : : 

- .-.*<.* . i/(2R, 4S, SS, 1 ■ S) 5- (1-hydroxymethyl-cyclopentyloxycarbonyl) - 

aminor4Thydroxy-rN- (1 f -isopropyl-l 'Timidazol-2-yl) methyl- 6- 
■*: *c ! 25,» iphenyl-2-phenylmethyl-hexamide;^;* • ? : ... *V : ; . : 

• * >:f(2R, 4S, 5S, li!S) -5- (1, l-dimethyl--2-hydro3cyethoxycarbonyl) amino- 
o t ;-.so3- r.4-hydro^ 

• r V/^- ! * -phenylmethy^-he - T >- t»; 

_ ^I ^i *t(2R; 4iS; SS/l^S) -.5- (hydroxyethoxycarbonyl) amirior4-hydroxy-N- 
30 ** ^ ( 1 ' — isopropy 1— l*' **imidazol— 2— yl) methyl— 6*phenyl— 2 — . or 
phenylmethylhexanamide; and , v . * ; / • x. 

• * ^' t^'^SSfy^S) *" 5 7 (2-hydroxy-l-methylethoxycarbonyl) amino-4- 
rf ^ 'hydroxyrN^lj^ 

- T.ph^ylme^ylhexanaiai.de.^;?:rV n:*v;- ;; -^ wx : ; ; • 
35 , l.yit More preferred representative- ..compounds - are: ; 

f-? R# :*?i ^ Sf S * r2 "? h ^y^ et * l y 1 ^ 4 T^ydroxy-5T,( t-butoxycarbonyl) - 
no 1 2« xamino-6-phenyl-N- (1 ^isopropyl-l 1 - (imidazo-2-yl) ) methyl- 
\;jiv-,hexanamide hydrochloride; ; - 
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- (2R,4S;5S,l f S)-5-(isopropbxycar^^ . 
"'. isopropyl-1* -imidazol-2-yl)^ 

hexanamide; ' a: 1 " !>^^^^Xvii^( U v /* 

. (2R, 4S, 5S r 1 • S) -5- ( t^utoxyc^bonylVamiri^ [1 
5 isopropyl-l'-^-iso^r^ 

pheriyl-2-phenylmethyl-hexanamide; ' -qwYtrj isfLfoixK 
' • (2R, 4S, 5S, 1 • S) -5- (1, l-dimethyl-2-liydTO^^ emino- 
•» > 4-hydroxy-N- (I'-isopropyl-l'-imidazol^-yl) methyI~fr^henyl-2- 
phenylmethyl-hexanamide hydrochloride;*: 
10 r (2R, 4S, 5S, 1 • S) -5- (hydroxyetho^carbohyl) 

(1 • -isopropyl-1 • -imidazol-2-yl) methyl- 6rphenyi-2t>i~i* 
phenylmethylhexanamlde; and \ M 

(2R r 4S, 5S, l'S) -5- (2-hydroxy-l-methylethbxycarbohyl) amino-4- 
hydroxy-N- (1 • -isopropyl-1 ' -imidazol-2-yl) methyl-6-phenyl-2- 
15 phenylmethylhexanamlde. v v -vstir-J.-- ?A 

The term "alkyl" refers to'a straighWor: branched chain 
alkyl -radical of the* indicated number-of 1 carbon f-atoms. ; 
"d^alkyl" as; applied ; herein ; is Meant to include methyl, 
ethyl, propyl, isopropyl; butyl/ visobiityl, ^isec-^butylv tert- 
20 : butyl; w Ci-6sOjcyl w includes addition^y. 'x^tylV* ^iWopentyr, 
i 2-methylbutyl, 1-methylbutyl, -^-etiylpropyr^ rieopentyl, n- 
hexyl 2,2-dimethylbutyl, 2-methylp'en^ 
; "Alkoxy" refers to an aJLkyl group of thS 'indicated number of 
'- carbon atoms attached through a bridgings ; 03^gen; atom, 
25 w Alkylthio w refers to ah alkylv group of *f thfe; indicated number 
-\ of carbon atoms attached through a }bridging :sulf ur^atom. 

■ The term "substituted alkyl w ; as -usfed - herein viS ?meant to 
include Cx-ga^Jcylr Ar^i-galkyl^Het^ 
; ; , Ar-C 2 -6 al)cen y 1 r Het-C2-6 alkenyl,^C3_6Cycl^^ 
30 C3-6cycloalkenyl-Ci-gaDcyl or r Ci-galkyl substituted jsdLth acyl 

or hydroxyl. ; ^i^fci^xstfl ^ttosin* v 

■c '• u. ! * "•! v" "Alkenyi" {refers tb'-a s^ 

chain of the indicated number- of i carbon- atoms ^i which^ contains 

■ ■ . * . . * . ■■■.■■.*■- 

one or more carbon-carbon doublet bonds? at^anyVsfcabiei point 

35 along the chain, such as' ethenylv properiyl; butenyl, >c 

:<;. - - pentenyl, ,2-methyIprdpenyr>; hexehyr;* and* the ■ riikfe ) 

-. , n Alkynyl n refers to; a straight or- branched 'hydrocarbon 

chain of the indicated* number Soft carbon' satomsSiWhich- contains 
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> .■■-;ia carbon-carbon triple bond at any stable, point along the 
- chain,.:.sucl} aaethynyl, 2rpropynyl, 2-butynyl r * 4-pentynyl, 
: o. 7-2-methyl-3-propynyi; hexynyl and the like. 
x v: 5 t ;^e?;tem;. tt acy^ H, 

5 C lr6 a^yi # : ^Ci-6alkyl #v ^ 
, ;v : Ar-C2-.6 a ^eny 1 / Het-C2-6alkenyl, C3- 6 cycloalkyl- Cj-galkyl, 

J- ^Cs-gcycioaikenyi-Ci-galkyl, (ffi, ;NHR 13 , wherein R 13 is tf, 

* - r sv Ci-galkylv Ar-Cj-galkyl, Het7Ci-6alkyl, .C2-6 al ^nyl# 

L . ■ Ar-C 2 -6alkenyl # Het-C2-6alkenyl, . Ca-gcycloakyl-Ci-galkyl, or 
>ip.i C3-gcycloalkyl, or Cs^gcycloalkenyl-Ci-galkyl; or an a-amino 

/acid or an .a-amino alcohol bonded at the nitrogen. 
■ y ;<u o«cyclbalkyi B refers to a 1 saturated ring group of the 

indicated number of .carbon atoms. w C3-?cycloalkyl" includes 
r-lz- ; cyclopropyl, cyclobutyl, cyclopentyl> cyclohexyl and 
is 'cycloheptyl;*- "Cycloalkenyl" refers to a saturated ring group 
of the indicated number of carbon atoms, having at least one 
.endocyclic: carbon-carbon double bond. "Cs^cycloalkenyl" 
includes cyclopentenyl, cyclohexenyl and cycloheptenyl". 
: 3-/ "Aryl w , J abbreviated as Ar, refers to phenyl or naphthyl, 
20 optionally substituted with one to three halo, OH, OR 10 , 

- ;Ci-6alkyl,; Ci-6alkoxy,. Ci^galkylthio, Ci-galkylamino, CF3, 
- r aminos N02# carboxy, Ci^alkylcarbonyl, aminocarbonyl, 

V ^ Ci-gaXkyl-fletr Ci-salkoxy-Het, Ci-calkyl-phenyl, Ci- 6 alkoxy- 
phenyl, >Ci-$alkyl-, Ci-galkoxy-, HetCi-galkyl-, HetCi- 6 alkoxy-, 
25 ' phenylCi~6alkyl-, phenylCi-galkoxy- or phenyloxy. 
r; As used herein except where noted, the term 

- ■ ^heterocycle", abbreviated as "Het", represents a stable 5- 
c J i- ? tQ j7-membered monocyclic or a stable 7- to 10-membered 

* 'bicyclic heterocyclic ring, which is either saturated or 
30-* unsaturated; and which consists' of carbon atoms and from one 
to; three heteroatoms selected from the group consisting of N, 

• / :* 0 and S, 'and -wherein the nitrogen and sulfur heteroatoms may 
Ivy optionally be oxidized,' and the nitrogen heteroatom may 

±si: optionally be quaternized, and including any bicyclic group 
35.: in which any of the above^def ined heterocyclic rings is fused 
-" to a benzene- ring: c The- heterocyclic ring; may be attached at 
any heteroatom; or carbon* atom which results in the creation 
of a: stable : structure, and may optionally be substituted with 
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one to three halo, OH, . alkyl,:. alkoxy,;- alkyl-Het, / alkoxy-Het, 
alkyl-phenyl, alkoxy-phenyl. ..vExamples of- such heterocyclic 
elements include piperidinyl^ piperazinylV-^-oxopiperazinyl, 
2-oxopiperidinyl, 2-^xopyrrolodihyl, ' 2-dxbazepinyl, azepinyl, 
5 pyrrolyl, 4-piperidonyl r pyrrolidinyr, pyrazoiyl, * 
- pyrazolidinyl, imidazolyl, "pyrldyly p^zihyl;5oiazolidinyl r 
oxazolinyl, oxazolyl, isoxazolyl, morpholinyl, thiazolidinyl, 
thiazolinyl, thiazolyl, qiiinuciidinyl> ^indolyli • quiholinyl, 
isoquinolinyl, benzimidazolyl, benzopyranyi,:benzoxazolyl, 
7 10 furyl, pyranyl, tetrahydrofuryl? tetrahydrbpyranyl,V tbienyl, 
benzoxazolyl, thiamorpholinyl! sulfoxide, thiamorpholinyl 
sulfone, and oxadiazolyl. . Heteroaryl: refers;. to a heterocycle 
which has aromatic character % (eg., characterized by 
delocalized electron resonance and. the ability, to sustain a. 
15 ring current) . ; Pyridine, imidazole, thiazole, ; furan and 
oxazole are examples of heteroaryl rings'. 1 :X * '/.l.r ■ : 

"Amino acid n means the D- or -L- isomer of alanine, 
arginine, asparagine, aspartic acid, cysteine; glutamine, 
■ i i glutamic acid, glycine, histidine,. isoleucine? leucine, 
20" lysine, methionine, phenylalanine, proline/ serine,? 

threonine, tryptophan, tyrosine/ valine.; or, trifluoroalanine. 
- In general, the amino acid abbreviations follow the^ IUPAC-IUB 
Joint Commission on Biochemical -Nomenclature . as described in 
Eur, J. Biochem., 158, 9 (1984);* Usually .lipophilic amino 
25 acids are preferred for the moiety B, i f or . instance^ Val> Ala, 
Leu and lie. . It. will. be understood that, a* linkage B-0 refers 
. to an oxygen atom bonded to the carboxyl; group -of „an amino 
... acid, and that a B-N linkage indicates a, nitrogen atom bonded 
i. to the carboxyl group of an-.amin'o : acid,v*asr in ,an ; amide bond. 
/.30- "Amino alcohol" refers to an amino acid in, which the carboxyl 
* : group has been reduced to a methylene . hydroxy -group;. 

Certain chemical names are abbreviated herein -for the 
sake of convenience; Boc refers I to' the* t-biito^c^bohyl 
i radical. Cbz refers to the carbobenzyloxy^. radicals Bzl 
35 refers to the benyzl radical Ac refers- to afcietylU. Ph£ 
. refers to phenyl. BOP refers to benzotriazol-l-yloxy- 
; tris(dimethylamino)phosphonium hexafIu6rophosphate;.j DCC 
refers to dicyclohexylcarbodiimideiv DMAP .refers to> 
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dimethylamin^yridliie. DMSO refers to dimethylsulf oxide. 
HOBT. refers to 1-hydroxybenzotriazole . NMM is' N- 

Y • a -.OTX. ia ditAiothreitol . . EDTA is 

ethylenediamine tetraacetio acid.. .. DIEA is, diisopropyl 
5 ethylamine. .^pBO-is 1,8 <Ua2obicyclo[5.4.0]undec-7-ene. DMSO 
is dimethylsulf oxide. DMF is dimethyl formamide; Lawesson's 
reagent is 2 r 4-bis(4 : -methoxyphenyl)-l / 3-dithia-2 / 4- 
diphosphetane-2,4-disulfide ; and THF is tetrahydrofuran. HF 
refers to hydrofluoric acid and TFA refers to trif luoroacetic 

10 acid. ••(•- 

The compounds, of formula (I): 
. . , R 1 R 2 

.. -C-.-i :♦:• »:, OH R 3 ... ... . ,;. 



5-:;c"r'- r- ■ .(!).« 



15 . .wherei^ r!0r11 N -, and r i, r2, r 3 ^ 

;-R 6 ; are as defined in ; formula (I); are prepared by: 
; <D (a), couplings compound -of the formula : (II) : 



R r R* O 



20 [TT]. 

i: , i;( wito,a ; co^pund of formula (III):- 

>:f vU>:;or:>qo y 'M r.tfi ^i; n J.L !^"^ m6 !*!V .fc iV . v> : ^' / - 

where Ri', r2\ r3', R s- f tfj^k^ arenas .defined for * 
25 £o^la (i^ H or a 

* *$3&F^JcJ^^ ,and. V is. OIL or a, leaving: group; 

.(i ! !;^jj?4*^i5?W 1 f^S) a compound, of the, formula (IV) ; - 

30 OPT 1 R T _ 

(IV)." 

. with a compound of the formula (V) : 
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wherein' A* and B f are as defiiiecfin '£bbmijP c tX)^^th any 

• reactive groups protected; or"^ VJ : wlv.tt* 

5 (c) coupling a confound of the formula -(Vl) ,T : C: : * vriJ * d 

(VI) ^ * ^ 

with a. compound of the formula "(VH)':^- , ""° 3 
10 A'-L' 

t (VII) 
and, ; Y ^ 

2) if appropriate a coupling agent; and 

3) removing any protecting groups and 

15 4) forming a pharmaceutically } acceptable 'salt' thereof . -- r 
. The coupling reactions v may b'eTacconfciislied 7 ^ 
the substrate with a reactive functional' - ; grtoup in 'situ or 
prior to the coupling reaction, such that it is reactive with 
an amino group.. For instance, . acids may.be converted to acid 

20 chlorides, bromides,' activated esters or anhydrides, or by 
adding a coupling reagent.. Coupling agents are well known in 
the art for activating a functional group in situ, . 
Exemplary of such agents are J fficc 3 and dther^arlpbdiiinides, 

• DMAPEC, BOP and PPA.'* ; These coupling agents may optionally be 
25 used with other reagents, such a EOBT, NMM and DMAP, which 

-may facilitate the reaction; 1 V \ - , 

Suitable leaving groups *7 
: displaceable by an amino' group, su^'M'Btromoi -cMoro, a 
substituted acyl (eg* trifluoroacetyl, bromoben2oyl^ 
30 nitrobenzbyl) or a substituteid w pll.enol ' (eg';; i^nitrbphenol) and 
the like. If L f is OH, so tljat A-OH is an acid, it will be 
* appropriate to use a coupling agent as hereinbefore : 
. described. ; f 'V 5 

For instance: ' ' :> ' J • '• *' ■ '■' ' 0t 'V 
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Y«> .v l-._,:.v When Ar is a -substituted alJcyl. group, such as 
= ;o! R 17 (R 18 R 19 C) m ,-L?_may be a bromo, chloro, iodo or ,an alkyl or 
: * *aryl^sulonate. ; ~ -P * v~ i!? : . • ; : : : 

m: .... When A - is R 1 ? (R lfl K 19 C)nrW r Ar-W or Het-W, and W is OO, 
5 :t A-L 1 may be L aicarboxylic acid halide, activated ester or 
^anhydride,, or a-carboxylic acid in the presence of a coupling 
o : agent. Methods for preparing such compounds are well known. 

a ;: * When: W^is OC-^Or Ar-L* may,*be a: chloro- or bromo-formate, 
i. : or an: activated carbonate. " t Haloforraates may be prepared by 
10 : reacting the appropriate alcohol- with phosgene or 

carbonyldibromide. v.r Activated carbonates may be prepared by 
r& >; reacting tthe appropriate ^.alcohol with a suitable carbonate 
such>as r bis (4.-7nitrophenyl)*carbonate; '? ' o . s 
a* .« f Xi .cltoen -W^is. S02/.:A"L I may be a sulfonyl halide; which may 
^" is - be preparedCfrpm the corresponding 'sulfonic acid. ' • 

'IWhen Wiis SC«0;> A-Ll may.be 'a halothioformate,* which may 
be prepared from" a "carbonyldihalide and an appropriate 
.-/"mercaptan. 1 "^- "* ' - , f : ' ^r;.;- . . . c,: • - : 

:) When W is PO(OR 22 ), A-L 1 may be a phosphonyl halide, 

20 ^ which may 7 be prepared from the - corresponding -phosphonic acid. 
Compounds wherein ! A is R 17 (R 18 Rl 9 C) m -W, Ar-W or Het-W, 
and W;is NR^C^O are* ureas, and may be prepared by reacting a 
r -si>> / compound of * formula- (VII)* with an isocyanate* of the formula 
R 17( R 18 R 19 C ) m -NC6, Ar-NCO or Het-NCO, in a suitable solvent 
25 such as methylene chloride, optionally with heating. 

Compounds of formula: (III) , wherein X is nitrogen, are 
imidazoles and may be prepared according to Scheme 1, wherein 

and 
or 

30 y a group which may be. converted into R 7 , R 8 or R 9 , with any 
react ive* groups protected. 



inuLoazoxes ana may x>e prepared according to Scheme 1, where 
■ Pr 2 is a removeable amino protecting group, and R 7 ', R 8 ' an< 
Rf^coiiespond to R 7 ', ' R 8 and R 9 as defined for formula (I), 



■c ^J 5 :.:s , .-.31 - S rfi^- v' . : ^ ■■<■< 

ci.- s >. : ziz: .CG..r:- • Sits?? i;^ rq- ;« ;>;.-,. ' . .. .• • 

.... ,4 

.. , -35-. •• ...... H 

(VIII) 
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The amino aldehydes are generally known or are 1 prepared by 
methods well known in the'*art> for ^ihs^^ 
a suitable a-amino acid ester with diisobutylalnminum 
w- hydride. Further reaction of the ^ aldehyde -with . a gem 
: 5 dialdehyde, or diketone',Vand- ammonia yields the* desired 
f. imidazole. Alkylation ! and further modification of the 

substituent groups of the imidazole* are o within, the/* skill of 
the art. Such a method, and other methodsr. for* preparing 
imidazoles axe disclosed, f or . instance; JbyiBaldwin et al., «T- 
10. Med. Chem., 29, 10S5 (1986) , : Jtagrewrca^ 

r . (1983) ; and Hughey et al;, Synthesls^US9d{1980^ 

Alternately, acyl imidazoles may ;be iprepared^by:»coupling an 
a-amino acid to a substituted.,4ramino-isoxazole,,!and 
subsequent reduction and base catalyzed rearrangement as 
15 disclosed generally by Reiter, L.A.> J". :Org.xChem. r < 52,? .2714 
ti (1987) . Intermediate compounds of formula (VIII) are a part 
T of this invention. Preferably, 

preferably C3_6alkyl. Suitably, R 8 ' and R 9 ' are iJ H,:.N02# Br, 
COR 12 , CF3, Ar, Ci-salkyl or Ci-galkyl-R 15 / wherein R 12 is H, 
20. Ci-^alkyl,. Ar, OCi-salkyl,. NH2, : and R 15 ;, is OH or a. protected 
hydroxy 1 group. Preferably R 9 is Ht or COR 12 , nt \ 
Compounds of formula: (III) , wiiere^ 
... f ... thiazoles and may be.^prepared according to. Scheme:, 2,t> wherein 
i L B is a suitable displaceable ^oup;,^-- ; ^ 'S^;;V l ' r 7 

Scheme 2 *. >----;wi- 




30 Accordingly, a thioamide is reacted with a ketone or 

• ■ * - a ** « 

aldehyde. Thioamides are commonly prepared from carboxamides 
by reacting the corresponding carboxamides with a reagent 
such as Lawessons.. reagent, as ^sclosed,,-ior--liistance, by 
, Hamada et al., Tet. Lett., 931^(1991) • : ^^i^ie : %spiacfeible 
35 groups are those which are displaced by a sulfur nucleophile. 
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such as chloride, , bromide, iodide, mesylate, p-tolunesufonate 
groups, and the like. 

Compounds of formula (III) , wherein X is oxygen, are 
oxazoles and may be prepared according to Scheme 3 from 
5 common amino acids. 



Scheme 3 




.Rf Rr- 



IO Typically the acid may be coupled to an appropriately 

substituted amino alcohol by common* techniques, as described 
>? above, ; and cyclized byi treatment v with thionyl\ chloride to 
>r yield an oxazoline, as described by ; Meyers et al.,, J. Org. 
r r Chem., ,43, 1372 (1978) . Oxidation of the oxazoline, such as 
15 ^described by Evans et al., J. Org. Chem., 44, 497 (1979), 
yields an oxazole.- 

•■i . .^ti:^^ 111 ??™^-- 2* t^^SPft* (IV > • ^5* (VI) > wherein R 2 

. {i* <£ s Prepared, for instance, . according to Scheme 4. 
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Scheme 4 



Boc-NH 



R 1 

V 



Boc-NH 



OH 



AoOH 



BOC-NH 




^ . Boo-NH 




1) UOH.H20,MeoH 

2) l-BuMeaSW)!. imidazole 



' V. 



R 1 7 : i 

- * Other methods for preparing protected 1 5-amirib^4-hydroxy-- 
^5 • 2, 5-disubstituted-pehtanbate esters r and ' acids / and the 

corresponding y-lactones, are well' Jcnoim and -are disclosed, 

for instance, in Szelke-et al;,, r U^ Boger 
et al., U.S. Patent 4,661,473, ^^6^3^*6^, et al., 

J. 6rg. Chem., 50, 46i5 (1985) , z ie^fl u% S^ ,11 6^yCbsm t ., 51, 

10 3921 (1986), Fray et alj ; , J. OrgV 'C&m.f'Sl^ABli • ?i986) , 
Halladay et al., Tett. Lett., 24, 4401 (1983), Wuts et al., 
J. Org. Chem., 53, 4503 (1988) , DeCamp et al., Tett. Lett., 
32,1867 (1991), and Szelke et al., WO* 84/03044, all of which 
are incorporated herein by reference. 

15 The compounds of formula (IX), .(XV) and (VI), wherein K? 

is OH, are also prepared by methods common in the art such as 
those disclosed in U.S. Patent 4,864,017- arid Thaisrivottgs et 
al., J\ Med. Chem., 30, 976 (1987). 

Compounds of formula (I) , wherein R 5 is R^-NR 11 , are 

20 prepared according to Scheme 5, Scheme" 6 or Scheme 7: 
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.-. -• ,: ,•.• -' -:' .•::=.: Scheme 5 




, Scheme 6, 



. s- :b?'^ff : - J - '- ,r ( ■ ; " s r 1 * r* = o 




therein R 1 '-**^ R 7 ' -and' R 8 ' T are as defined in : formula (I) 
a - r with 'any reactive " groups protected,' ' L' is a leaving, group; 
15 ' '"'-such as halogen, -and'Pr 1 " is 'a hydroxy-Tprotecting' group ? 
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Compounds wherein R 4 is R^NR 11 -^ are prepared in an 
analogous manner from a compound of formula (IX) : 

O 

. >v *».-> 

OPr 1 **' ° 

5 (IX) ' 

Suitable protecting groins .for. tieTam^ 
. carboxylic acid, mercaptan group, and reagents^ for 
deprotecting these functionalTgroup 

et al., PROTECTIVE GROUPS IN dRGANIC SYNTHESIS, Second 
10 Edition, John Wiley and Sons, New York, 1991. Deprotection 
indicates the removal t)f the protecting group and replacement 
with an hydrogen atom. In particular,. . suitably substituted 
. acetyi, benzyl and silyl groups are useful' fbr^pfotecting the 
hydroxyl group. The acetyl group is* commonly removed by 
15 reacting the compound with a base, such as an alkali metal 
hydroxide, in a mixture of an alcohol and water. The silyl 
group, such as trimethyl silyl, dimethyl-t-butyl silyl, and 
t-butyl-diphenyl silyl may be removed by^ a fluoride reagent, 
such as a tetra-alkyl ammonium fluoride, or by acid 
20 hydrolysis. The benzyl group may be removed by catalytic 
hydrogenation. 

Suitable protect ing groups for the amino group are those 
disclosed by Greene et ai. , "as>^ The ' 

. benzylbxycarbonyl andit-butoaqroaubonyl groups are especially 
25 useful amino protecting groi^s^^'r* ; " f ^ l 
The present invention includes phai^ceutically 
acceptable acid addition salts. Acid additioV salts of the 
present compounds are prepared in a standard^ mann er in a 
suitable solvent from the parent compound and- an excess of an 
3b acid, 'such as hydrochloric, hydrobromic; v > sulfuric/,** 

phosphoric, acetic, maleic, succinic^or methanesulfonic. The 
acetate salt form is especially useful. V If the final 
. compound; contains an acidic ^group, cationic salts :.may be 
f .prepared. . Typically the, paxent c cbmpo^d 0 Is treated ^with an 
35 excess j of an alkaline reagent,.; ,such -as : a c .hydroxide, -.csirbonate 
or alkoxide, containing the appropriate cation. Cations such 
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:as Na + , ■ K+, Ca^ and are examples of cations present in 

* 1 -phaantiaceuticaliy^ acceptable "salts . Certain of > the* compounds 
u - i • j . t r i form -inner salta-or • zwitterions which may also be' acceptable . 
.v.-..; o? :The' f compounds of the present invention selectively bind 
* : * 5 ' c to ; retroviral proteases in the same manner r as ? the" 1 virally 

* coded *' natural" substrates of the proteases and compete with 
f * : - -these substrates ' : f oar 'protease, '■ thereby serving to 'inhibit 

0 ro viral replication r 'by blocking 'the formation of crucial viral 
proteins from polyprotein precursors by the protease, and 
i; r 'io ■■■ ' hence 1 , to inhibit* rr disease progression -in- vivo. v The present 
4 c ^ f poItpounds*'!achieve , : such -beneficial therapeutic effect because 
? n: - "they contain unique* structural" features which impart 
vl<; oc? ^ desirable pharmacokinetic properties to the compounds. One 

such property is -long 'duration of -action.* We have found that 
% : - substitution* of a' heterocycle, 7 especially imidazole , in the 
1 Jiv 'putative P2 , :| position of the 5 present confounds* affords 
• ir : ■ confounds which * retain* good enzyme binding affinity,' good 
" ! antiviral * activity, a favorable duration of action and water 

solubility" for 11 good drug delivery.- *••■'■'•* 
20' ;v ' When* a compound of the* present 1 invention is "administered 
to an animal 'infected or potentially infected with a 
U--}bi retrovirus> viral replication is ' inhibited and ! hence disease 

- "progression is 'retarded*. - -Inasmuch as the amino acid 
I«o "''se^^ces^of'l^^protease binding and peptide bond 'cleavage 
25 sites of various * retroviruses appear to be highly 1 conserved, 
am' inhiiitor^is^iikely v to f be : broadly 'active ' against 1 more than 
one retrovirus; Also, DNA viruses- which are dependant upon 
virally encoded' proteases, such as' the 'hepatitis virus, may 
also be susceptible ^to'such- treatment. r ; ' '- ryZi 
30 ' • ^ -The compounds of f forraula ' (I)' are used to inhibit 

. retroviral' replication;* and fare useful in treating mammals, 

* 'particularly ^ human* patients/ who -are 'infected with : ,f 
susceptible "retrc^ treatment*.; The 

y i • '- ^method of treating a v retroviral "disease in a mammal # ~ 
35 particularly *a^ administering - 

; r (e.g. v -orally," ^ pa!rentefaliy, ^buccally, : trahs-derraally, 
L/Jf,?l rectally 'dr by "insuf f latibnV to said mammal' an effective 

~ amount-- of a 1 coropound^of formula f -(X)r : 'preferably: dispersed in 
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. a phanoaceutical carrier;:* Dosage, unltzs^of * the '/active 

ingredient may be selected ^by.jprocediires.croutinexto^one 
jlv. ^skilled in the art/ and auce- generally.^* the^ 

i-mg/kg.- These dosage, units may be administered:; one to ten 
v 5 times., daily for, acute or chronic viiifection.* :v< Preferably : the 
ri; :cc compound is administered at, a-level^ot 1-1Q : mg/kgr ; two to 

fourstliaes daily* - No unacceptable^oxick^^ are 
c indicated when compounds,; of ; : this \ inyehtion \ axe ad m i n istered 
i ; , in. . the : above noted. dosage . range.^av'tfcj m^\^ eni^-^q 
10 . , The present invention also .provides;^ method; of ; "treating 

Uf :-M-y disease states associated ..with infecttion,^ 

Immune Deficiency Syndrome r (AIDS) 
n c." an effective amount of a compound; of .•foOTula^^),; preferably 
^ ; . fl dispersed in a pharmaceutical ^carrier r i :» 
iS/ : Beneficial effects xnay r be A realized ) by co^a<lministering r 

individually . or . in combination, other^ anti-yiral agents with 
Vm the protease inhibiting compounds.: of the?, present- invention. 
.Examples of anti-viral agents,, include, nucleosidfe /analogues/ 
phosphonoformate, rifabutin, ribaviran r:c phosphonothipate 
20- r oligodeoxynucleotides, . castanospermine,. dextran ? sulf ate fi * 
alpha interferon and ampligen. . Nucleoside^ analogues, which 
v<: : . include 2\3 •-dideoxycytidine (ddC) , 2%3'^deoxyadenine(ddA) 
and 3 f -azid072 * , 3 1 -dideoacythymide^ , .^especially 
useful. AZT is a preferred agent. 7£ . Suitably, ^.pharmaceutical 
, rf 25 ... . compositions comprise an .anti^viral. agent, ;c a protease P ; 
inhibiting compound of ^ the pres 
% . , pharmaceutically. acceptable » carrier. ^ . ? V( - l% r ^ x ^ , 
This; invention , is.^ 
which comprises a compound of ; .formulaj;(I), and sl$ 
30 pharmaceutically acceptable ..carrier, ,^ ;l Phaiinaceutical or. 
acceptable carrier - are . : well . known Y in tl> the ^art : and; are-j 
disclosed, f or. 4 instance, in ^SPRpra f S a ^ 
-. Dittert, L. (ed.) , tV J.B. Xipp^cott iCo v: <Ph^ 1974, 
and REMINGTON'S ..PHARMACEirai^ ) , 

35 Mack Publishing, Co., Easton^Peimsylvania,. !l9jB5 : . j 

. . * Pharmaceutical compositions .of ir the Compounds ...of j the 
. present invention, or derivatives ^thereof, Vinay f be formulated 
as solutions , or . lyophilized powders u f or parenteral . : 
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1 - administration . vPpwders may be - reconstituted by addition of 

a suitable diluent or other pharmaceutically acceptable 
: :i * v carrier, prior to use.; The :liquid formulation is generally a 

- i buffered, : isotonic, aqueous solution. . Examples of suitable 
5 , diluents are normal isotonic saline solution, .standard 5% 

r. dextrose in . water or buffered, sodium . or ^ammonium .acetate 
• 'solution . Such formulation is especially suitable for 
parenteral administration, but may also be used for oral 
r; ■■: j;;.-. administration or contained in a metered dose inhaler or 
v io nebulizer for insufflation. It may be desirable to add 
j • - excipients such as* ethanol, polyvinylpyrrolidone, gelatin, 
■;* ?rt ' hydroxy cellulose; 1 acacia, polyethylene glycol, .mannitol, 
'sodium chloride or- sodium citrate. . 

> - Alternately, :( these compounds may be encapsulated, 
15 tableted r or prepared in a emulsion or syrup for oral 

administration. Pharmaceutically acceptable solid or liquid 
- - carriers may be added to enhance or stabilize the 

•composition, or to facilitate preparation of the composition. 

- Liquid carriers include syrup, , soy bean oil, peanut oil, 
20 - olive oil, -glycerin, saline, ethanol, and water. ■ 

i 1 . v » < v Solubilizing' agents, such as dimethylsulf oxide,, ethanol or 
£*x : f o rm a m ide, • may also be added. , Carriers, : such as oils, 

optionally with solubilizing excipients, -are especially 
^ •* • > suitable. : Oils include any natural or synthetic non-ionic 
Vil 25 : "water-immiscible liquid,- or low melting solid, which is 

«- ' capable of dissolving lipophilic coinpotinds. Natural oils, 
jmU tr. *fsubh_ as ~* triglycerides' are representative. 'In fact, another 
::o » -aspect of 'this invention is a pharmaceutical composition 
comprising°a compoiiDd of formula (I) and an oil* 
^. 30 >a: I Solid; carriers include starch, lactose, calcium sulfate 
dihydrate, terra alba, magnesium stearate or stearic acid, 
talc, pectin, acacia, agar or gelatin. Solubilizing agents, 
such as dimethylsulf oxide or f ormamide, may also be added. 
^ The carrier may also include a sustained ire material 
35 b 5 such as glyceryl monostearate or- glyceryl • dist earate , alone 
.hrori :■$ .)r'or with a wax.^'The- amount: of solid carrier varies but, 
o£ ,yy- ^> ^preferably , will be "between about 20 mg to -about 1 g per 
xo r ^dosage v unit. The pharmaceutical 'preparations- are made 
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following the conventional techniquesuof* pharmacy involving 
milling, mixing, granulating, and compressing,? when 
• necessary, for tablet forms; or milling/' mixing and filling 
: . for hard gelatin capsule* forms. , When' a: liquid carrier is 
:; s < 'used, the preparation will be*, in- the form, of ; avsyrup^ ? elixir, 
emulsion or an aqueous or non-aqueous 'suspension. ■] Such a 
liquid formulation may be administered; directly p.o. or 
filled into a soft; gelatin- capsule.* 3 i ; • 

: A suitable dosage form for r.oral administration has been 
10 prepared by dissolving the.peptide-.of Example 1 (312.5img) in 
dimethyl sulfoxide .(1 mL) and!diluting^to. a. concentration of 
12.5 mg/mL with soybean oil. M A suitable! dosage form for* 
intravenous administration has been prepared by dissolving 
the compound of Example 1 (0.02* g) . in. dimethyl sulfoxide (1 
15 mL) and diluting to 20 mL with a, 70% propylene glycol/30% 

ethanol Solution. . . .. MiU^r hs ■:: 

For rectal administration, a pulverized powder of the 
compounds of this invention may be > combined \ with -excipients 
such as cocoa butter, glycerin, gelatin -or polyethylene 

20 glycols and molded into a suppository. - i The -pulverized v 

powders may also be compounded with an oilyj preparation, gel, 
cream or emulsion, buffered or. unbuffered, andr administered 
through a transdermal patch. L '*\yt. v .Q:uk> .= .3* . - 

The pharmacological activity. ;Of the compounds of this 

25 : invention may be demonstrated! by; enzyme .assays^ to determine 
i.the inhibitory activity of r the ; retroviral: protease,, by in 
vitro cellular-based assays to determine, the : ability o£ the 

- ; compounds to penetrate cells , and inhibit ; viral ^.replication, 
and by pliarmacokinetic assays toldeteirmirtejoral 

30 bioavailability, drug half-life and clearance.- These assays 
are well known in the art. .* . ' ; \ :b • * 

:v- ENZYME ACTIVITY t - : '.v ": v. i^i/o^'d^^ 

The ability of the confounds iot .this : invention to 
35 inhibit the HIV-1, protease , enzyme may be .demonstrated by 

.using the assay disclosed by.Dreyer et.al.,. Proc. Watl. Acad. 
Sci., U.S.A., 86, 9752 (1989) Grant et al.,; Biochemistry, 30 
8441 (1992), and EP-A352 000. ; The.Ki for 5 -t^ of 
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..this /invention^ are. in the range of.l nMto,5 JIM. Preferred 
; ::r coiq>ounds ; have, Ki's^ofjless^ than 100 nM. : ... 

r...5...r cro j: */;?rhe.i ability;. of j the . compounds ,of <this invention to gain 
. v.r»w i. .entry^ to jT cells infected .with, the human immunodeficiency 
^ .-virus tz and, to inhibit* viral ^replication, in vitro may be 
; . o demonstrated using the assay described by" Meek et #1. , • 
- i t n jfeture,3343,b90 -(1990),. and-Petteway. et raL, , Trends 
n ; MO J o Pharmacol* Sci, •.12,r / 28 j (1991) .;,vThe ICSO-for the compounds of 
this' invent ion. are* inl the vrange of 70.1 to 10 HM. 

1 r CYTOTOXICITY • :)■:/;• to. ?:c- -; h i ■. :- : ... y. f 

r.r n to v;^>:iCytoitoxicity is assessed by both direct microscopic 
15 examination of - trypan blue stained cells (Tr-lymphocytes) and 
yj f \*fi; by the treated culture !s/ ability to metabolize : the.: 
/■v ;tetrazolitimcsalt:;XTT- (2,3rbis [2rmethoxy-4-nitro-r5-t ■ 
i . . J • rr; sulf ophenyl] -2H-tetrazolium-5-carbpxanilide :r sodium , salt) , to 
. o. tits formazan; dye.\ ; The -XTT assay; allows determination of the 
20 50% toxic concentration of compounds : fore the cell/virus r; 
fid! 'Xo ' system used. . kI^m? *-{.v. :-r:r >->•* -v- . 

J.fvT^;- /^.v :\ o: -v. -;,..<;-/.. : <: ..-.s. 

:x» "fa * PHARMACOKINETICS: v:;;-^ ; : * 

: iior J i> Dual; jugular . cannulated Sprague Dawley^rats weighing 200 

25 to 250 g were ''utilized in'> all ' studies. - All 'dosing and sample 
,or«a ^collection'- wasrdone>-from;iconsciouis ^rats.i .-Before -dosing, a 
i.oi. >:« time 0; blood sample r iv300i [lL r * was; drawn .using one.*of.\the 

catheters. Utilizing the second catheter the .trats: were dosed 
*Eav*I < intravenously, -c At 1, : :10,5 30,-60, i90,'.rl20, 150, 180 and 210 
b'.-.ii???-* ^ after; dosihg r 300 JIL . bipod samples; were drawn. > c The ; rats 
2* /a .L-t v.dosed;corally were; administered the compound by .-utilizing a 22 
,»r* gauger gastric gavage. needle and samples were drawnnat 30, 60, 
t. 3 -:i : :9.0 f o 120, A ,240, . 360,; 480,-; 60p, 720 and 1440 imiri. : The blood 
. samples were placed-in :( precooled' tubes; containing .30 mL of 
35i- sodium; ,citrate and centrif uged: in a : microf uge .? The plasma 
.r.i .wasi transferred then snap frozen on; dry ice, and stored at • 
^-VO^zuntil analyzed. ^m... -v J >^ ; ,/:^r 
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Standard stock solutions (1 ng/aA)>-b'f^liili'll>itbr was 
prepared In 100% DMSO. "A dilution'. serieV' of the stock . 
solutions were prepared in a total volume' of 0.1 mL (pooled 
normal rat plasma/DMSO) to yield final confe^^aHions of 0 
\< s J- and o . 5-120X the Ki of the inMbitbr i& Ail^ dilutions were 
vT -performed in triplicate ♦ lt - ihese r ^)iked plasma 1 solutions were 
-extracted 'with 0.5 ^acetohto 
. 'followed by. centrifugation- for 10 mix*. 7 An* aliquot i(0.4 mL) 
of the' supernatant ; was iremovedfahd^ dried, itfEppendbrf tubes 
10 ■? using; a Speed-vac. 1 "!The{ resulting residue wasiredissolved in 
DMSO. ' 1 ; The inhibition o£ the HIV-l-protease- abtivity was 
assayed as follows. An aliquot of the extract edvsample: was:: 
added to a 50 mixture containing IX MENDTt buffer^ 1 mM 
substrate and incubated j at* 37°C:< 10 Imin.TiThe^ reaction was 
IS: then initiated by the addition ofcHIV-1. protease and U 

continued; at .37°C for an ■ additional J.5 fmin/^theriJquenched by 
the addition of TFA (0.5% final concentration) 4 Initial 
i 1 rates were- determined for each -standard curve -ais^thei fraction 
• ;T of remaining enzymatic activity (vj/vo) at each' inhibitor 
20» concentration,, in: which -vo is the velocity of the - f - -os 

(inhibitor concentration) «=0 sample. Assuming that all of the 
original inhibitor in the spiked samples ' was ^ extracted, the 
values of vj/vo were plotted versus inh i bitoirXconcentration 
nl ; of.-, the original extracted % sample and t fitted ito cthe equation : 
25 jVi/vo-tAEt - I t - Ki:+r.(Ki-AE t -It) 0 - 5 ]/(2AEt). V Oc I ^ A\: 
,.«. ini which.Et is .the total-enzyme^ concentration .at time zero, 
v . Ki is the • apparent inhibition cibnstantvarid A f is) the' fraction 
: of .active enzyme. # v : ".;.7 7;cr ; .;;i *s\.n^-. .--It^o 

. . . .: Ex vivo animal plasma samples containing un3cnown levels 
30* of protease inhibitor were prepared ^ 

r for the standard curve described rf above. r - ^^concentration of 

inhibitor in these samples: was * then vdetefiairiedb using? the Ki 
o and'A parameters from the fijited^starida^ to 

/ the ^following equation : 6lt«a£t [l-(v£//vo)?l + Kf (vo/vi) . 
351.0 The data was plotted' aV the^ n^ 
i plasma* concentration versus time; bn^seib^rogtoithmicVpaper to 
generate the plasma concentration-vsVtime curves**? TJsing the 
IV data, the apparent terminal rate constant was determined 
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.form the linear regression analysis of the plasma 
. -jy j concentration7VS-time curve.* t The elimination half-life 
(ti/2) was derived by dividing In 0.5 («0.693) by the 
terminal rate constant.* - The area under the plasma 
5 concent rat ion-vs-time curve (AUC) was determined by using the 

In/log trapezoidal^rule . Cinax represents ^ the: maximal plasma 
v.; i concentration ^and'tiaiV the time following drug, . 

administration at .-which Caai was observed. Both values were 
estimated by inspection of the plasma concentration-vs-time 
• c - 10 " T ' curve Total plasma clearance (CL) was calculated by 

dividing the dose by the ADC. The fraction of. the oral dose 
atsvd'i: available to the. systemic circulation (the bioavailajble 

fraction/ F) ■ was determined by the equation: F « » 
x .l [AUCpo/DOSEpo] ,x; [DOSEiv/AUClv]. ' y -.vx 

15 ^::A-;'."; ? ■ - . . ■ 

cw r.-ir- ;jhe Examples which follow serve to illustrate this 
?v s :« invention. The Exanqples are not intended to limit the scope 
Li;, of this ^invention, but are provided to show how toimake and 
"• use the "confounds of this invention. 
; 20' . r I In: the:Exairples r ; all temperatures are in degrees 

Centigrade . Mass spectra were performed using fast atom 
bombardment (FAB) or electro-spray (ES) ionization. Melting 
points were taken on a Thomas-Hoover capillary melting point 
- apparatus and are uncorrected. 
%25 . 1 NMR were "recorded at 250 MHz using a Broker AM 250 

* " iV spectrometer, ^unless otherwise indicated. Chemical shifts 
•v.-- are reported vin ppm;v(5) downfield from tetramethylsilane . 

Multiplicities* for- NMR spectra are indicated as: s«*singlet, 
r d«=doublet, * t«triplet r r qrquartet, m-multiplet, dd-doublet of 
t30 doublets, *dt=doublet k of triplets etc. and br indicates a 
C-'i > broad signal, 1 J indicates the NMR coupling constant in. 
Hertz. - ^u- 1 o». . - at; 

Celite® is filter aid composed of acid washed 
Y -i diatontaceous : silica' manufactured. by Mansville Corp., Denver, 
^3S^ Colorado. - Florisil® ;is an activated magnesium silicate 

chromatographic support and is a registered trademark of • 
1 Floridbn Co ;> ; Pittsburgh,- Pennsylvania. . Sat. indicates -a 
■L\c<: > ?> •M/..Uur { . • v..: ' ; . -. v v.-... 
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saturated solution, eq indicates- the proportion of a molar 
equivalent of reagent relative to' the principal reactant. 

. ' ■■ * ■■' " . S>" l i .*> • , iVt¥.*ft"f;e^ 

pro^nHon nf *fi^^h^nv1mftt:hv1^^vdroyv-5" (fc- 

Tmrr^^^^ nY 1 ' 1 ""^ft-frDhmvT-»- M 'H sborfrpvl H ' - f 1 ml (In zo-2- 
y i \ ^Tn^hvl ^hr^natn^^ hvrfronhl oride h. ■pcilwz.tix^z 

10 a) (l'SJ-l'-carbobenzyloxyamino-lVHte^ 

. yl) methane j-*' i?H 4rf;: J v* iv 

,.-<, Cbz-valinal (4.6 g # 1 eq) and glyoxal trimeric , dihydrate 
(1.33 -g, leq) were stirred in MeOH-at -10°C. ^Ammonia was 
bubbled through the solution for several :1 minvand the mixture 
is was allowed to stir for 4 h at -10°C. The mixture was ^ 
allowed to warm to room; temperature over ^14 h, xthen was 
poured into 250 mL water. The suspension was .filtered and 
the filter cake washed twice with: water: to give- the title 
compound as a white solid (1.9 ; g r 36%) ^(CD 3 0D) . 8 7,28 
20 (5H, m), 6.89 (2H f s), 5.04 (2H, ;dd)> 4;46 (Ifl/ d) f 2.10 (1H, 
. , .m), 0.91 (3H, d), 0.70 (3H, d) ; MS (CI/CH 4 ) t m/e .274.2, [M+H]+, 
230.1/166.1, 123.1, 91.1. - :V r*) - * i~ V.< 

b) (1 • S) -1 '-amino-l , -isopropyl-l f.rXimLdazo-Zryl) methane 
25: (I's^l'-carbdbenzyloxyaiiiin^^ 

yl) methane (1.9 g) was stirredvin^raethanpl; o^ (200 
. . * mg) . Hydrogen was bubbled through tieliioiutioiiv f 6r ;i ti 'axid 
, v. the solution was. maintained under; a positive, hydrogen 

atmosphere overnight. The mixture ..wasx filtered-:. through 
30 Celite® and was /evaporated to a tacky solid .; (720 ;|mgy 75%) . 

NMR(CDCl3) 5 6.87 (2H, s), 3.88, (1H, d) r 2.04 ; ,(lH r m) , 0.81 

(6H, dd); MS(DCI/NH 3 ) m/e 190.2 [M«] + ^ ;; r : • : ^ 

; c) (2R r 4S / 5S,l , S)-2^henyimetJiyl~4-(t-butyldimethyl^ 
35 (t-butoxycarbonyl) amino-6-phenyl-N- [1 ,) -isbpropyl-l: , - (imidazo- 
4 , 2-yl) Jmethyl-hexanamide: V . /• ,>i^q^i^ & : * : r .-P m 

s. To a solution of (2R,4S,5S)-2-phenylmethyl-4-(t- 
butylmethyl) siloxy-5- (t-butoxycarbonyl) amino-6-phenyl- 



v>: WO 93/02057 PCT/US92/06047 

- 33 - 

hexanoic acid (200 mg, 0.38 zamol) in dichloromethane, (l f S)- 
I -''i'S-aninorl^ (48 mg, 0,35 

. «oi-r .Mnmol).,. BOP reagent ; (168 mg,,. 0,38 mmol) , and triethylamine 
ii lO.OH nL,J.3B Miol^were added, v The mixture , was stirred 
. v ;^;.r. :5 ^underv argon overnight ,, and washed successively with water, 5% 
i.- jr.-.t. .victqueous^ .sodium bicarbonate; and saturated aqueous sodium 
* *;v .i o u chloride. , The? solution was dried over MgS(>4, filtered, and 
' r . f ; .evaporated to ; a: white solid.' The solid was chromatographed 
(silica, 4%. methanql/dichloromethsuie) to afford the title 
10 compound as a white solid (0.154 g, 68%). KMR(CDCl3) 5 7.18 

(10H, m), 6.91 (2H, d), 6.32 (1H, d) , 4.69, (1H, d) , 4.40 (1H, 
coo, t), 3.92: (lH,rq), 3.63 (1H, m), 2.84 - 2.31 (6H, m) , 1.67 

.(4H, m), 1.24 (9H,< s), 0.89 (9H, s) , 0.74 (6H, dd), 0.05 (6H, 

v * d); MS (DCI/NH3), ; m/e 649.6 [M+H]+. . , 5 . 

j ;.r i:d)w(2R,4S;5S,l , S)-2-phenylmethyl-4-hydroxy-5» 
» v vi butoxycarbonyl) amino- 6-phenyl-N- [1 , -lsqpropyl-l (imidazo-2- 
% ; ' / 5 : : «; t y 1 ) ] me thyl-hexanamide hydrochloride . ; . . . 

The compound of Example 1(c) (0.140 g) was stirred- in 
20 THF at room tenpetature under an argon atmosphere. 

Tetrabutyl : ammonium fluoride (0.38 mL, 6 eq) was added and 
the f solution wa? stirred overnight. .The mixture was diluted 
:,with water and extracted with dichloromethane (3X) . The 
: \ r . . combined .organic extracts were washed with water: and 

*:..2S evaporated. The ^residue was treated with l .eq of methanolic 
■us^rcv ?HC1, -concentrated,* and triturated. with diethyl ether and 

h.c ethyli'acetate to give rthe title compound as a white solid (95 
- ^ mg,. w 83*),. NMR (DMSO— dg) 8^.78 (lH,,d), 7.16 <10)f, m) ^ 6.71 
t - . , :(2fl, s) y ;6.39 (1H, d), 4.68. (1H, m), 4.52 (1H, d)/:2.71 (3H, 
-30 m), -2.48 (3H/>m), 1.97 (1H, m), 1.61 (1H, m), -1.30- (9H, s), 
.0.78 ;(3H, d) ,,;0.61 ; (3H, d) ,v MS(DCI/NH 3 ) m/e 535.4^ [M+H]+ . 

- v v: Example 9 . » : ■ 

un ■buhoxvrarhnnvl 1 mrH nr^ff-phPTiyl-M- M snpropvl-l «-/4-> 

aminonarbnnvl-thla7Q-?-viniTiAt-hvl^AvanflTti<riA 



WO 93/02057 



PCI/US92/06G47 



- 34 - 

a) Boc-valineamide • < ^; ^•^~^r.^ 

. V To a solution of di-t-butyl^carboriate ^(7 715 g, 1 eq) 
in dry dichloromethane' was adtfed valinainide- hydrochloride 
(5.0 g/ 1 eq) and trlethylaTnine^(9Cl4^ 7 ihL^ 2? eq) >£ The mixture 
5 was heated to reflux for 4 h, and coored^'tb- rdbcivtemperature. 
' » The organic layer was washed twice^wittf'water^^^^ 
' to give the title compound (6.03 gp 85%) . 'Ntffll(CDCl3) 8 6.00 
> (1H, br), 5.54 (lH,:br), S.01 (lH^br)V 3 .'93 v(lH^ dd) , 2.12 
(1H, m), 1.44 (9H, s), 0.92 (6H f dd) filter-, 

b) Boc-valinethioamide r*z x J 1 :^ V-OI) " 

Boc-valineamide (0.5 g) was stirred in" dry THF at room 
o. temperature under argon. ; * Lawesson's xeagentCi(1.56* g, 0.6 eq) 
was added and the mixture was ,% stii±ed:bvernigfit. - r The solvent 
is was evaporated and .the residue chromatographed (silicay 2.5% 
methanol/dichloromethane) to give the i title 3 compound as a 
..white solid (0.373 g, 70%). NMR(CDCl3) : t 5 8.59. (1H>1 br s) , 
8.09 (1H, br s), 5.41'(1H, d (br)) f 4v20 (lH/ : dd) ; \ ; 1.99 (1H, 
m), 1.39 (9H, s), 0.90 (6H, m) . .7 .v*^ 

20 \ : • ? I- .;.•"..-"!•■•'. «»* :'.!'t 1/ - ": ? -''a V v _ 

* \ 

. oc) (l^SHl'-Cfc-butoxyearbanyiya 

J carboethoxythiazo-2-yl) methane -.'L • : - - ; o 

Boc-valinethioamide (0.265 g) 1 was stirred In dry acetone 
under argon at -10°C Ethylbromopyruvate . (0 .16 inL/> 1.1 eq) 

25 - was added and stirred for 1 h^at -10°C. The solution was 
poured into a well-stirred mixture 'of : chloroform l anH water 
and then saturated with sodium bicarbonate,;.; The> organic 
phase was separated and the aqueous : layer extracted^ with 
chloroform. The combined organic extracts were dried over 

30 MgS04, filtered, and evaporated to an. oil.* *The oily residue 

was treated with trifludroace&Lc ax&ydride (0Vr6';g)- 'anci 
pyridine (0.2 g) in dichloromethane f or 1 h at -20°C. Excess 
solvent was removed in vacuo and the residue dissolved in. 
dichloromethane. The solution was washed with sat. aqueous 
.35* „ sodium bicarbonate ; and 1.0N. KHSO4 until- pH 7;. • %The . solution 
was dried over sodiuid sfrlfaite^fi^^ to an 

oil which was chromatographed :(si3 i ca; : 4% 'methandl/ 
dichloromethane) to give the title compound as a tan solid. 
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. x o NMR(CDCl3> 8 8.04 (lH f ; s) f . 5.26 .(lHr fbr d), v 4. 85 (lH f m) , 

4137 (2H,-*q); ^.^- (lH, m) f 1.41 (9H, s)', 1.34 (3H, t) , 0.93 
">o ; ' ; (3H; d)V0.84 (3H, d) . ) : # V m • M: • 

5 d) 7 , (l f S)-l l -(t-butoxycarbonyl)amino-l , --isoprqpyl-l , --(4- 
•> carboxythiazo-2-yl) methane ■* :r ' > 

T fro ''The coirpound Vof^Exaraple* 2 (c) (50 mg) was stirred in THF 
17 • at 0°C; ° Excess l.ON'NaOH was added and the mixture was 
b t : stirred for 12 ^h at 0°C r r j " "The mixture wa^ diluted with 1.0N 

10 " 3 citric -acid andj' extracted with dichlorome thane (3X) . 0 The 

: * : v ° combined organic extracts were evaporated and dried in vacuo 
•** to give the title^compound (0.045 : g f "'98%) . NMR(CDCl3) 5 8.08 

■V ^ (lH/ 's)';' ^ 5Ji9 (lH^ f m) r ^4.80 (1H, m) f 2.31 (1H, m) f 1.38 (9H, - 
P " X * sf, 0V86 dd) : . J ^ : : r ^ * 

11 ' e)' (l^SV-l'-^t-bWoxycarbbnyl) amino-l , -isopropyl-l , - 
1 ! i (4-aminocarbonylthi'azo-2-yl) methane - 

(1 9 S) -1 f - ( t-butoxycarbonyl) amino-1 , -isopropyl-l (4- 
carboxythiazo-2-yl) methane (0.078 g, 0.26 mmol) was stirred 
20 under argon in dry THF at; -40°C;" NMM (0.06 mL; 0.55 mM) and 
* isobutyl T chlorof ormate (0.034 mL; 0.26 mmol) were added. 
After stirring 15* miri, ammonia was bubbled through the 
- J!0 mixtiire/f or 'several 1 min.** The* solution was warmed to* room 
Jn ternperatiire arid the r - THF evaporated . The residue- was diluted 
r 25 with 'ethyl acetate and washed' successively with 1.0N citric 
^ ^acid, Ii: 5% aqueous sbdium bicarbonate, and sat. aqueous sodium 
ni-vr ^chloride; ^The organic flayer- was dried over HgSO^, filtered, 

e - ' 'and 'evaporated "to- a ^ solid which was chromatographed (silica, 
bs, ^^3% f methariol/dichioromethane) " to give the title compound as a 
30 white solid^(0:052-g f 67%) . NMR(CDCl3) 5 8.02 (1H; s) i 7.14 

^ ^(lH f :|, s(bf); ; 6.28 (lH; r s(brJ); r 5:24 (1H, d(br))V 4.82 (1H, m), 
e V V 2:30 (l&j xb)V 7 1.39^ (9^8)1 0.92 (6H, dd) .~ 

.) t. t bh i) i)C2 >;.•;:■ , : ^ : .0 , <• 

1 , i r ) f j (2R r 4S, 5S/1 • S) -2^henylmethyl-4- ( t-butyldimethylsiloxy) -5- 
35-* (t-birtoxy r carbonyi) aminc^e-phenyl-N-ri'-ispprbpyl-l 1 - (4- 
- * - ai^bcarbonyi-t^azo^-yi) jmetiyl-hexanamide - : 

The compound of Example 2(e) (52 rag) was stirred in neat 
trifluoroacetic acid for 10 min and evaporated. The residue 
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was diluted with methanol and treated withi2oeq,of cone. HC1. 
The solvents were evaporated^andedried (in vacuo-; to give a 
white solid. This solid (40 mg) x ms addled ;to absolution of 
(2R, 4S, 5S) -2-phenylmethyl-4- ( t-butyldimethyl) siloxy-5- ( t- 
. ... 5- butoxycarbonyl) amlno-6^henyl-hexau^ 1.1 eq) , 

DCC (38 mg, 1.1 eq), Bxid^EOBJ ^(6^05^ at room 

tenperature. under ; argon.. ^ v N^ethyl^rpholine, (0.04 mL; 2.2 
eq) was added and the * mixture,* was stirred overnight . The 
mixture was filtered through: Celite®, xe^porated, , and diluted 
-10 with ethyl acetate. The solution r was a washe^ 

< with 1.0N citric acid, 5% aqueous, sodi^ and 
sat. aqueous sodium chloride ..;/r(;The, organic; layer ; was 
. L chromatographed (silica, 2. 5% t methanol/^ to 

yield the title compound (60 mg, 55%) . ^^(CDCl^). S 7.89 
15 (1H, s), 7.60 (1H, d), 7.24 (10H, m), 6.82 (1H, m) , 5.3.2 (1H, 
m), 4.89 (1H, m), 3.92 (1H, q)., 3.81 (1H /C .dd)., f 2.73 (4H, m), 
2.21 (1H, m), 1.73 J2H, m), -1.^ a), 0.93 

(9H, s), 0.84 V (6H, dd), 0.11 ISR^d)^ X t -) 

20 g) (2R,4S,5S,VS)-2^henylmet^^ ^ 

butoxycarbonyl) amino-6-phenyl-N- 1 1 ! r^oP^Pyir. 1 'r f 4 " 
r,. . ;j aminocarbonyl(thiazo-2-yl)]methyl--hexanamide - v ;^*r-.H 

The compound of . Example : 2 (f) ; (60>mg}^ was ri stirred in dry 
THF under argon and-jtetrabutylammonium ^ fluoride ...(0.50 mL, 6 
25 eq) was added. The solution was stirred at- room temperature 
; overnight. After diluting with -water, ..the aqueous .. layer was 
extracted with dichloromethane f.(3X) « -The combined ^organic 
extracts , were washed with water, -evaporated,. , and^ triturated 
with diethyl ether and ethyl acetate^to ^give^a^tan^soli 
30. The solid was chromatographed (silica ' gel; ; 4% r ; 

t methanol/dichloromethane) to give '/the title, .compound as a 
white solid (0.022 g) . NMEKCDCI3) 5,7.90. (1H, s) , 7.15 (10H, 
m), 6.39 (1H, d), 5.93 (1H, br s), 5.06 (1H, dd), 4.91 <1H, 
' d), 3.90 (1H, d), 3.67 (2H, V>> .2.91, (^ mh^e^-ClH, d), 
35 ' 2.13 (1H, m) , - 1.87 - (3H, . a) r .il36 n (9H f >)^J0 t 83. J.(6H' r -Ma)j; ' 
MS(DCI/NH 3 ) m/e 612 [M+NH 4 ] + , ^5\\)t^*_,j,ji9S, i ^ : .}. t 391, 

374, 356, 239. i, 202, 185. % \ : ^.l^^c. 'Li: 
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M/vQMk/d- ■ Example 3. r ... / 

r , ^ Preparation of f2R,4S,5S,l"'S^-2^r»h^n Y lTn ^hvl-4-hyrfr Q vy^5>-^^ 
J> ■ butoxvcarbonvl)aTnino-6^phenvl-N-ri '-^np r opyl-l *-i+M**n-7- 
*d.s . yl)1methyl-hexanamide ^ to. -j 

i? . a); (l , S)-l , t - (t-butoxycarbonyl) amino-l^isopropyl-l^fthiazo- 
..u l -■■■( 2-yl)methaaeoju^/rj::-.--p7;jj- «r.:v j : . , :; 

^ 7 r The compound of . .Example 2 (c) was stirred . in neat 
rv .*f0£ ;quinolJAe.-*v.Cu;.ppirter:5<0.50 g) was . added , and the suspension 

..>was^ heatedj : to .After cooling to room 

f:Vvtr_:io< with ethyl.acetate and 
c^i^m b,washed .with 2.0N citric acid (4X) . . Th6 organic layers were 
ft.- j P9^^ e ^sB^^/^^^°Y eT .r^ S0 A' filtered, and evaporated to a 
15 udauck^pi^ 4% ., 

fo.vxr :f.£.;.a xnethanol/dichloromethanej v to 'give the- title compound as an 
ai J.jforange oil./ . NMR(CDCl3)r'6 7.68 (lH,.d) , : 7,19 (1H, d) , 5.26 
5 " : - (1H, d), 4.88 (1H, m), 2.31 _<1H, m) , 1.43 (9H, s), 0.92 (3H, 
*i X IU) d),: 0.84 (3H> d) . t . * . . 

20 ^ . ■ ..lb ...... - 

b) (2R,4S, 5S r l , S)-2-phenylmethyl-4-hydro3cy-5-(t- 
sn* i.j <; (butoxycarbonyl) amino- 6-phenyl-N- [1 , -isopropyl-l , ~ (thiazo-2- 

r : !-:y.iyl) Jmethyl-hexanamide . 
{ J :' ) iD\; ^Following the ; procedure of Example; 2(f) -2(g), except 
ox^25 otusingithe^comppund^of : Example ;3 (a) in place of (l f S)-l , .-(t- 
i; ^cbutoxycarbonyl) aminp-1 !-isopropyl-l • - (4-aminocarbonylthiazo- 
: 4^uc??yA)jneJ;hane f ?the ..title .-.compound, was, prepared, (88%) . 

>I»^0Kd6> £ 8*31,, (lH, r d) ^7. 62 0 X1H, : ,d) 7.49 . <1H, d) r 7.16 
-C V X ((10H,;;xa)V 2.61 (6H,: m), 1.28 (9H/ s)/ 0.89 (3H, dd); 

30 MS ; (DCI/NH 3 ). m/ei£52 .3: [M+H]t/;;413.2/ :331.1 r /- ; 183Yl, ; 157.1, 
142.0, 120.1V; i r ..^.C A ( . O;.' 

-.!»*: of.:? ( : .v;f v. >-■;{•■ - /a Example 4. ' - . . ( 

- ' I- -yq -AviOi: .!- *i ) W-L^i.::;: ^ >ojj •..!:• . -v*i . • " > 

35 .. Preparation Of (2R/4S.5S.1 Vq^g^hAnylTnA fchvl^^hydroxv^ft:- 
butoxvcarbonvl) timino-6-Phenvl -N- fl ftnpropyl-l ^bengimidazo- 

1 ~~ l * ^"Y 1 1 1 wft^yl-hexanami'dft } - - :; I .•• .;. { . /. 
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a) (1 1 S) -I '-carbobehzyloxyamino-l *-isopropyl-l (benzimidazo- 
2-yl) methane 

:.>. .. . . Gbz-valine- (2,0 gy-±-.I^J::^M'y^ixreA'^ti:^l6 0 C^la dry THF 
. under argon. .: : Tfiethylaminte/: (l.li; ntf^ 
5 followed by isobutyl chloroformate-S (if 03 -^nl^ ^ e/q) / The 
reaction mixture was stirred for 10 min.' fchenyiene diamine 
ij /: (0*944 g, 1.1 :eq) : was; added s^ The 
mixture was warmed to room temperature *and Mstirred. f or 1 h. 
" - The solvents were evaporated and the ^riesidue partitioned 
10 between water and ethyl f ace r tate. bv ^T^^ was 
washed with 5% aqueous sodium ■ bicarbonate ? aidbifine . The 
. organic layer was dried over MgS04 f c^filtered/2and^ evaporated. 
'The residue was dissolved v in glacial'- acetic- a'cld" and heated 
J — to 65°C for 16 h. The solvents ^were evapoxafcedl and the 

15 residue diluted with water. f After ^ neutralizing with 
i> ; saturated aqueous sodium ; bicarbonate,;; the* solid iwas filtered 
£ '. : *' and- the filter cake 1 was washed- wlth-hexane ; .^ The vsblid was 
) r recrystallized from ethyl : acetate, and hexane.^ NMR(CD30D) 5 

7.48-7.11 (9H, m), 5.06 (2H, q) , 4^62 (1H> m) f C2^27 ' (1H; m), 
20 1.23 (1H, m), 1.02 <3H, d), 0.84 (3H, d). ^ 

b j ( 1 ' S ) -1 1 -amiho-1 1 -ispprbpyl-1 • - (b^zi^dfezb^2-yi) methane 
The confound of Example 4(a)* (2 .76 tg) 'was~ stirred in 
i methanol. 10% palladium: on actiyated^carbon (Pd/C) (250 mg) 
> 25 was added and hydrogen gas was bubbled" thrbtfghTt^e * 'solution 
for lh. The reaction- was maintained* under * an -hydrogen 
■ atmosphere overnight . The mixture ' was -filte'refd through 
; Celite® and the 1 solvents Evaporated- to ^ ^iW°£fie title 

confound as a white solid (1.58 g; ;&98%K .S rofe(CDCi3> S 7.48- 

. 30 7.10 (4H, m), 4.02 *<lH r - d)'?*2.24 Ufa' K ti/i&ft&1%& : -*iF 
0.83 (3H, d); MS(DCI/NH3) m/e 190.2 [M+H]+.:i i 

c) (2R, 4S f 5S, 1 'S) -2^henylmethyl-4- (t-butyldimethyl) siloxy-5^ 
(t-butoxycarbonyl)amino-6^he^ 
35; benzimidazo^2-yl]methyl-hexariamide 

To a solution of (2R>4S; 5S) -2-^phenyimethyl-4- (t- 
butyldimethyl) slloxy-5- (tHbutoxycarbbrij^ 
hexanoic acid (75 mg, 1.1 eq) in dimethyl formamide under 
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. ,; v a^on f ^the compound of Example 4 (b) (25 mg, 1 . 0 . eq) , DCC 
(30 mg, 1.1 eq) and HOBT (44 mg, 2.2 eq) . were added. The 
mixture was stirred overnight , then filtered through Celite®. 
The solvents ^were>.evapOrated and the residue was 
. ; 5 t , c^o^tog^aphed. (silica gel,.. 4% methanol/dichloromethane) to 
give the title compound (0.070 g, 78%) . * NMR(CDCl3) 8 7.88 
.^(1H, ; d); t 7.30 ji4H /; m), 6.80. (1H, d), 4.93 (2H, m), 4.26 (1H, 
• r.q)rf 4.00 r (lH, m), 2.92 <7H, ; m) , 2. t 01. (2H, m) , 1.53 (9H, s), 
, d), 0.41 (6H, d); MS(DCI/NH 3 ) m/e 

% 10 j 699.6 t [M+H] + . ^ . < 

k d > ; <?R/.4S> 5S/ 1 • S) -2-phenylmethyl-4-hydroxy-5- ( t- . 
butoxycarbonyl) amino- 6-pheny 1-N- [1 '-isopropyl-l '-benzimidazo- 
2-yl] methyl-hexanamide 
15 . The compound of Example 4(c) was stirred in dry THF and 

tetrabutyl ammonium flouride (0.6 mL, 6 eq) was added. -The 
:x ^mixtur ; e was stirred under argon overnight at room 
.•>.: rJ^P*? at ^£ * : ^ e ® 0 .^? tion was diluted with water and 

extracted with dichloromethane (3X) . The combined organic 
20 layers were washed with water and evaporated to a residue 
; _ c whic^. was chrpmatographed (silica, 2% v methanol/CH2CL2) to 
give the title compound (0.029 g r 50%). NMR(CDCl3) 8 7.54 
(lH r f ( (11H, m), 6.69 (4H, s), 4.98 (1H, d) , 4.69 (2H, 

^t^'J^?! 56 ' <? H ^; m )^;?* 74 ;< 5H « m) r 2.31 ,(1H # m) # 1.73 (2H, m) , 
25 1.32 : (9H, s), 0.70 -(6H, d); MS(DC1/NH3) m/e 585.4 [M+H]t, 

dWi £ 413.3, : .364.3, 296.2, 190.2, 173.1, 120.1. 

Example 5 

: t, . hexanam^ rift hyrirnrhl oiH Ha i : : v v ; . .. . 

n.'. h ?" (carbobenzyloxyamino) methyl"* imidazole 
35r*>n = • , Following ; the procedure of Example 1(a), except v. 

.substituting . Cbzrglyclnal for Cbz-valinal, the title compound 
was prepared^ NMR(pDCl3) 8 .33 ; f5H, : s) , 6.95 (2H, s) , 5.95 
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<1H, s(br)), 5.12 <2H, s), 4.42 (iH^d) 1 ; MS(DCI/NH 3 ) m/e 

232.2 [M+H] + , 188, 171. 

7 .;...:.".•.?.£■; /o" w ti i:S : r- 1 a: .1 «.:>•. - 



20 



b) (2R,4S,5S, l«S)-2-phenylmethyi-4^ 

* '5 butoxycarbonyl)amino-6^1ie^ 
hexan amide hydrochloride 
* Following the procedure of Example 1(b) -1(d) 'except 

substituting the compound of Examples 5(aV f f6r (l•S)-l , - 
; carbobenzyloxyamino-l'-isopropyi-l^ 

10 the title compound was prepared. . vm.{CD^66)^ 5 7.20 (10H,m), 
6.94 <2H,s), 6.11 (lH,d), 4.24 (2H,dd), 3.61 <lH,m), 3.52 
<lH,mj, 2.69 (4H,m), 1.66 (2H,m), 1;28 ^ (9H/s) / MS (DCI/NH3) 
m/e 493.7 [M+H]V 475.7/ 120.2, 98 f .2 l ; 83;i7^ll 

15 Example 6 V *' *' v; ~ 

frfr pvy^rhnnvH a mi nn-S-nhfinvl-11- fl ' -mftth vl-1 : » - ( 1 ffil (Ifl Yl ) 1 

■iiM-hvi-h^nmnldP hydrochloride' >?: ^ ^ : ^ t,);nj ^ 



a) (i'SJ-l'-carbobenzyloxyami^ 
yl) methane 

1 Following the procedure of Example; 1 (a) > l 'except 
: ; 'substituting Cbz-alanal f or'cbz^valinal; N thV- title • coimpound 
25 'was prepared. NMR(CDC1 3 ) 8 .35 "(SH^s)*/ 6.^92 >{2H,8)7 k dS 
5.52<lH,d) r 5.12 <2H,q>; 4.90 - (lH?qjT MS WCI^I) l We 246 
[M+H] + , 202, 185. 

b) (2R r 4S,5S r l , S)-2-phenylmethyl-4-hydroxy-5-(t- 

30 ''butoxycarbonyij amino-C^phenyl-N^ [l^ethyl-l (iraldaz^-yl) ] 
■methyl-hexanamide hydrochloride : 

Following the procedure of Example 1 1 (b)-i (d) i : except 
substituting the compound of Example 6(a) ""*"£ or (i'Sj-l 1 -^* 
carbobenzyloxyamino-1 •-isciprppyl-l"' - (iinldaad~2-yl) methane, 
35 the title compound was prepared. ;< NMR(a>30D)^8 7 .11 (lOHj^m) , 

6.86 <2H, s), 4.69 (1H, d^ 3.62 
.' ; (6H, m), 1.59 (2H, : m), 1.30 (9H^) ,^ 1.14 >:? (i3Hi ^d> ^ 
MS(DCI/NH 3 ) m/e 507.5 [M+H] + , 489:4/ 112. 1. ' ; ; 
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- oU'rl Jbao^iv 6> . ..:?:-:> .rv.:^c r : ;jr.: -v.. 1 .. \ ;- 

■! r Preparation of (2R.4S.5S.1 'SW^nhPnvlTnPi-hvl^^h vdrQyy^fl-^ 

. , . • b. . ii/."; .: .r . ■ :■. . : 

a) ( 1 • S) -1 • -carbobenzyloxyamino-1 1 -benzyl-1 1 - ( imidazo-2- 
yl) methane . ; . * 

10 \ Following the procedure of Example 1(a), except 
-\:vr - ^ Cbz-valinal, the title 

confound; was prepared. : ,NMR(CDCl3> 5 7.37-7.05 ;(10H,m) , .6.95 

<2H, s br) ,'5.52: -(IB, I'd), 5.05 <2M, s)V; 4 .95 (1H, lq) , 3.32 
(2H, d); MS(DCI/NH 3 ) m/e 322/261, 171. 

15 " - - : "'>-j -fi ;co : ; vi. -/-r-i? -Ti =....;:'= v * - - .... (• 

b) (2R f 4S,5S,l , S)-2-phenylmethyl-4-hydroxy-5-(t- 

C butoxycarbonyl) amino-: 6-phenyl-N- (1 • -benzyl- 1 • - (imidazo-2-yl) ) 

■ v- i. methyl-hexanamide hydrochloride; c • a . 4 ; 

r d,: Following the procedure - of Example 1(a) -1(d) / except 
20 substituting the compound of Example 7 (a) for " (1 9 S) -1 
:• » carbobenzyloxyamino-r.'-isopropyl-l.' - (imidazo-2-yl) methane , 
r. the , title? confound was prepared. . NMRCCD3OD) 8 .7 .15 (15H, m) , 
: r -6.79 (2H f s) /( 5^78 (1H, d), 5;04: (1H, d) , 3.58 (1H, m), 3.47 
- ) : (1H, m) ,^2.68 (8H, m) , 1.59 (2H, m) , 1.31 . (9H, s) . 
tl'J'v 25', *• . -:3V -a **::■: > "■ t ':•**':* . • "' . • . * 

ss.:? • •? ^^^C. ^ - j.: •.: Example ft :: 
flv-f.S.'r. i h; iZ 'l*:^* >.*}*-jl \ : : ; i-r- . IV-.. ; . • . : -:r. 

» i ■ r, rPrapayat-j nn of f 2R- 4S. SS. 1 « ?n -5- f rayHohgngyl n vyVafn* no-4-> 
0 (t^.hvdrnxv-N- M '-isopropvl-1 '-jm1daTnT^-vl^Pfhyl^fi^An y 1^-> 
rn c 30. phenyl tnPfhyl^hftyanatnfriA M v j , r - 

• •< -. l ' r . i * -v ■ • 

A solution of (2R r 4S r 5S / l , S)-5-(t-butoxycarbonyl)amino- 
:\, .* .r;4-:hydroxy^N- (1 1 -isopropyl-1 1 -imidazol-2Tyl) methyl-6-phenyl-2- 
phenylmethyl-hexanamide. (0:086- g) in trifluoroacetic acid was 
35 stirred for rlO. rain, then ' was evaporated r In vacuo . . ; To the 
If} L : residue were added dimethylformand.de/ benzylchloroformate (1 
: i !eq); and triethylamine:o(5. eq)/ and the : resulting*:ndjcture was 
stirred at room temperature for 16 h. The reaction mixture 
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was poured into H 2 0 and extracted with dichlorometliane. The 
combined organic extract's were evaporated, and the residue 
was triturated with diethyl ether to * afford the title 
compound as a white -solid;. J.imtCD&Htj&SGrrS&t:. (15H, m) , 
6.84 (2H, s), 4.99 (2H/J 8) ,»+ ;S4,.:(2H/ JdNpC«3 S?«xGH£ «P, 3.52 
(1H, dd), 2.77 (SB/ mj;i2;04^(lHAa0v^^6\:(lHrJay; ; ; 1.58 (1H, 
m), 0.82 (3H, d), 0.66 (3H, .d) . 

- . ... • f ;.. , •• • •. vjc^ir.JIrt'r: . . .• 

p-r^paratiop r?R. 4s T ■"<•; - 1 'sv-.s- ^-Woxvcarfronvl ) mnino-4- 
, ^y^T-nvY-W-fl «- tA . S^<mwt:hvlV1inid«ZQl-2- 

. y 1 1 nuf.h yT - fi-TphMivl-y-^phftTi vlmrt-hvl -hpfrnnamide- a ,i5>- 
• • :■ v •• / '•.•V...: e ff;<\ , *r/C)£H 

IS a) (lS)-l-carbobenzyloxyamino-l-isopropyl-l-(4,5- *:?. 
dimethylimidazol-2-yl) methane v -i- <e • £ \'v>.&. i. t 

. Cbz-Valinal (4.14 g) was stirred in. methanol with 2,3- 
butanedione (1.54 mL, 1". 0 : eq) . v ^ itoonia.was: bubbled -through 
• the- solution at -25°C for 5min.. The cooling bath was 
20 removed and the mixture allowed to warm to :2Q*C iz;> -The ,'. 
i solution was stirred for 16 h under ; Ar.:. vThe solvents were 
removed by rotary evaporation, and the; residue "was -diluted 
with dichloromethane and extracted, with, dilute aqueous HC1. 
The organic layer was concentrated to* afford, unreacted Cbz- 
25 valinal (4.02 g) . The acidic aqueous layer was basified with 

IN NaOH and extracted with dichloromethane, the organic " 
- extract was concentrated and the residue purified by flash 
. . . .^chromatography (4%. methahdl • ^toip'rovide 
the title compound as a white solid^(5b..mg)v V 'NMR(CD30D) 8 

30 7.29 (5H, m), 5.04 (2H, dd), 4V38C(lH^r^2v06:i,(6a^ s)y 2.01 
(1H, m), 0.93 (3H, d) , 0.77 (3H, d) . 

,,. ,b) (lS)-l-(4,5-dimethylimidazol-2-yl)-2-methylprop'ylamine 
The benzyloxycarbonyl; group ,was> cleaved-by;,-)! ;. f 5 
35 ,hydrogenolysis< using the same procedure? r as described ?c 

previously in Example ;i(b) except using:: the -pioduct of 1(a) 
• (50- mg) r . to afford the title ^compound as -ii white solid' 
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•.}«i.-(24-ing^- 87%)'.".) 'NHRCCDCXs) 5 4.11 (2H, s(br)), 3.71 (1H, d),* 
2v06 r <6H,'-«)Y 2,00* : m)V 0.71 (6H, dd) . • ' 

; '■' c) (2R;4S/SS,i*S)-S-(t^uto^caibonyl)ain±no-4-t- 
»'s butyldimethylsilbxy-N-Il'-isop^ 

imidazol-2-yi)methyl-6^henyl-2-ph^ 

Using the procedure of Example 1(c), except substituting 
(2R, 4S, 5S) -5- (t-butoxycarbonyl) amino-4-t-butyldimethylsiloxy- 
' 6-phenyi-2-phenylmethyihexanoic acid and (IS) -1- (4,5- 
10 dimet:hyliiidda2oi-2-yl)-2^thylpropylaniine (24 mg) , the' title 

- - compound was '■ prepared (55' mg, 57%). NMR(CDC1"3) S 7.26-6.80 

. • *'-^, i: ^y.&<W"<Ui>*:24 (1H, dd), 3.87 (Iff, q)', 3.61 - 
J (1H, m)? 2.77-2.39 : (5H?'m), ' 2.22'' (1H, m)/ 1.98" (6H,' s),- 1.79 
• r ' (1H, m)} i:'58 (lH; ■•■),' 1.24 (9H, s), 0.85 (9H, s), 0.69 (6H, 
15 iv d); 0.06(6H/ ; d); " ' L v - '? 

d) (2R, 4S,5S,1* S) -5- ( t-butoxycarbony 1) araino-4-hydroxy-N- [1* - 
v °v isopropyl-1 • - (4 , 5-dimethyl) imidazol-2-yl] methyl-6-phenyl-2- 
* '' ' : , - : >henyiiiie^yi-hexaWiidde f '''- * " v * n, - : ' * " 
20 By following the deprotection procedure described in 

'• Example'-l (d)> except'' using " (2R^4S,5S, 1 «S) -5- (t- 

butoxycarbonylVamino^4-t-butyldime^ [ 1 • -isopropyl- 

• : . r " ;r *:i'*rr r (4V 5-dimethyl) iiaidazol-2ryllmethyl-6-p^henyl-2- : ' 

phenyJ^ethyl-hexaii^ omitting s the 'final 

25 ''" treatment with; methanolic HCl^ the title compound was . 

, "prepared (25 mg,i -62%) . < NMR(CDCi 3 ) 8 7.29-6.88 (10H, m), 4.98 
! • W/ r hr~d), 4.47 (1H/ m) , 4.29 (1H, m) , 3.58 (211,*), 2.84- 
;*0 : ^2i$l*(5R,' : m)v : 2.-20^ 'YlH/^nO^i^'- »*"-8}/ 1^7i" : (2H/ r 'm) r *'l.3a 
(9H, s), 0.69 (6H, dd). 

Example 10 

- Sm.mc * .'.t ■" r ,*•..-.»«• .-i -r. . i * ■• *j »■ 't r-- - , : ■ .. -, 

>„, ..-i I . LC-*^. -I . i./... . / . . ■*..!. 

' hvdroxv-W-ri'-lsnnronvr-i »-f4^^hyiV-<W<^^T^ : 

35 " Vl 1 Ttlftth Vl -6-Phftnvl -9-nhA W yWfr W I -^yanam^A 



a) (IS) -1-carbobenzyloxyamino-l-isopropyl-l- (4- 
phenylimldazol-2-yl ) methane 
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Using the procedure s of Example;!, (a) >:■, except musing Cbz- 
(L) -valine (2.19 g) and a-ketophenylacetaldehyde 0 ii^ead of 

glyoxal, the title compound was prepared (1.54 g, 48%) . 

NMR(CpCl 3 ) 8 7.62 (1H, . .(br) ) ,. 7.24_ (lOH,-,*) ,^5.79 {IB, d), 
5 5.04 ,{2H, dd), 4.32, C (1H, dd),- 2 i 31 il (lH, I m); r ^py96 i(3H, d), 
. 0 .79 (3H, d); MS m/e. 350..4, [M+H]+ ri yl99i0.„r- .-x^sii^iiRi , 

. ,-. . ' ,_- '.:o .-. iisl>«-;^.-q -Mt.^'r. 

b) (2R, 48, 5S, 1 f S) -5rJt^tojq^cai±«^l) aB^o*4-t- j' .• 
butyldimethylsiloxy-N- [1 • -isopropyl-1.' - (phenyl) imidazol-2- 

10 yljmethyl-e-phenyl^^henylinethyl-hexanami^.. ,. ; . ;3 .ti» if 

Using tie procedure i of Exanple , 1(b) -1(c) , y except using 
the compound of 10(a) (72 mg), ^the; title compound^'was 
prepared (67 mg, 44%). NMR(CDC1 3 )\8 .? : .1Q..{UL,. ( A) ,^7.40-6.71 
(16H, m), 4.73 (1H, d) 4.54 (IB, dd), 3.96 (1H, 0, 3.69 

15 (1H, m), 2.88-2.36 (5H, m) , 1.73 <2H, ; ,m),j r 1..33 (9H,:.s), 0.91 
(9H, si, 0.84 (6H f dd), 0.11 (6H, d); MS m/e 725.4 [M+H] + . 



c) (2R f 4S, 5S, i;s)-5-(t-butoxycarbon3^ 

[ 1 1 -isopropyl-1 1 - ( 4-phenyl) inddazol-2-yl] metAyl-;6-phenyl-2-- 
20 phenylmethyl-hexanamide . . : , f <); X? ;1 yr? ^ 

Using the procedure of Example 9 (d)/., except.., starting 

from (2R f 4S, 5S, l f S) -5- (t-butoxycarbonyl) an^o-4£t^ ;; .« 

butyldimethylsiloxy-N- [1 » -isoprc^)yl-l • - (iTphenylj.iM 

yl]methyl-6-phenyl-2-phenylmethyl^^ the 
25 title compound was prepared '(30. mg> 54%) . jv NMR(CDCl3) 5 7.52- 

6.67 (16H, m) r 5.48 : (1H^ d)>? 3.60 :(lH f; .q) 

(4H, m), 1.96 (1H, m), 1.62 (2H/| ; m) , v 1.23 (5H r ; s) ra 0.73 (3H, 

d) , 0.62 (3H, d); MS m/e 611.4 [M+H] + , 242.^^,195. 0 f 150.2. 

30 P.vntnplA 11 

PT-Apa^^nn of ran. 4S .ss. 1 «si -S-f t-hntoxvcarbonvl ) nmino-4" 
hyrfrovy-W-n ' -i sopronvl -1 Wp^ftthvl) iTnida7!Ql-2-vl1ll1ftthYl-6- 
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a) (IS) -carbobenzyloxyai^b-l-isopropyl-1- (N • -methylimidazol- 
2-yl) methane 

ri . : . , r/ The produrt of Example 1(a) (273 mg, 1 ramol) was heated 
, ^ v . f , ; at 40°C jf or 2 h- in methyl iodide (5 mL) . . The reaction 
5 mixture was evaporated, and the residue was suspends 
aqueous Na2CQ3« The mixture was extracted with 
. ? . iv . , , (Uphlorometl^ and concentrated. The crude 

product was purified >y flash chromatography (silica, 2% 
^r.- .methanol/dichloromethane) to yield the title confound (200 
10 mg, 70%) r 6.6$ (1H, 

s), 5.94 (lH,;,dJ,,r5.03; (2H,- q), ; 4.55 (1H, dd),.3.64 (3H, s), 
. » \L- •* i 2,20 (1H, m),).1.01 (3H, d),- 0.82 (3H, d) . V . v 
*.?£. -Tt;- . : rcat^^ii -a .m "..<,<>. :*■' V- ;;;*;:•'.*.. a .... 

ug £■ b) (2R,4S r 5S, l , S)-r5-(t-butoxycarbonyl)amino-4-t-.: ' 
, ipo 15 butyldimethylsiloxy-N- [1 'r-dsopropyl-l (N •-methyl) imidazol-2- 
rcrt *. yl]methyl~6rphenyl--2TPhenylniethyl--hexanamide ■ : - 
.tj vr r::f : ; ; Following : the procedure of , Example : l(b) -1(c) ; except 
using, the compound of 11(a) (90 mg), the title compound was 
...prepared (104 x mg, . 50%)^ ,^(0)Cl3) 8 7.32-6.89. (lOH, m) , 
b aor ^20 M:? 6.81 v (lH, s) , ; 6.59, (1H, s) , 6.08 (1H, d), 4.71 (2H,m), 3.94 
(lH, r.q) ,o3.70^(lH,im), .3.25. (3H, s) , 2.80-2.36 ,(5H,; m) , 2.21 
,{-i(lH/)m)V.1.73; (2H,';m)V- .1-31: (9H r s) , ; 0.94 (9H, s)> 0.85 (6H, 
dd), 0.11 (6H, s).- ;/ 

- 25;^oC) (2R, 4S, 5S,1*S) -?5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 
isopropyl-li,r::(N \rmethyl) imidazol-2-yl]methyl-6-phenyl-2- 
tl: vphenylmethyl-rhexanamide ..>:* .-M;.-. ,:Jr 

mori vv3€"". ^Following the. procedure = of Example 9(d), except using 
,!».!* -j.) o:(2R,4S '-5S, X? S JT-5- ( t-butoxyc**:bonyl) amino-4-t- - ^ 
, ; 30. ri:butyidimethylsiloxy-N- [1 : v -lsoprqpyl-l?- (N , -methyl) imidazol-2- 
yl]methyl-6Tphenylr2-phenylmethyl-heatoamide (100 mg), the 
title conpound was prepared (74 mg, 89%) . - NMR(CDCl3) 5 7.21- 

6.74 :.{llH,,(m) ,, .6;.70 (1H,. s), 6.59 ~(1H, s):, 4.95 (1H, d) , 4.61 
-^^'^^^■^^■ 3 ^^^^ r -3.48 r<3H, s), 2.71 >(5H,r m) , ;2.06 (1H, 
35 m), 1.64 (2H^m):,,' f 1..32-i(9H r ,..s)- r :0.82 (3H, d), 0.63 (3H, d) ; 

- var.-rMS.n/e 549.3; [M+H]+> : . ^ n: .-J , : : 
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a) * (3R,SS f l^)- (1 t -t^utb3^^bonylamino^2 1 ^phenyl) ethyl-3- 
(3-phenylpropargyl)^etrahydrofurM^ ' 

^ To a solution of litMum*diis^ ... 
id. 210 M in THF, 2.2 eq) in Tiff at 

atmosphere/ (5S, l f S) - (l , -t^utoxycar6onylaIB^no-2 , -^ 
phenyl) ethyl-tetrahydrofuran-2-one 1 (1.0 <g, ^1/0 dq) -was added. 
After stirring at -78°C for 15 min f hexamethylphosphoramide 
(1.14 mL, 2 eq) was added, and 'stirring ~waS' continued an 

■x is ; additional 10 min . \ Phenylpropargyl bromide: (lv28 g, 2 i 0 eq) , 
was added and the resulting mixture was stlxifed^ali :-78°C for 
2 h, then poured into dilute aqueous* HC1 arid Extracted with 

di<^6romethane. ^'ra 

evaporated under reduced 'pressure^ td , -W , 6il r " , w^cff , was 

r 20 chromktographed (silica, 20% ethyl acetate/hexaniats)' ; to r afford 
the' title compound as a 1 white solid' ljo/455*g,^33%JV' 

; KMR(CDC1 3 ) 5 7.18 (10E f m) , .4.50 (2H f t:m)7 3. 93 (1H/ q) , 2.79 
(5H, m), 2.23 (2H, m) , 1.24 (9H, s) . t H: ; AC.-/ ^ 

] 25 b) (2R, 4S r 5S) -5- ( t-butoxycarboriyl) ^amino^4-t-butyldiiaethyl-- 
- v - siloxy-6-phenyl-2- (3-phenylpf opafgyl) Kexarioic acid- 

The title compound (496 mg, •84%) ^wasiprepfixediby the 
procedure of Evens et al*yr J"J *d&."C&em^ 
the product of; 12 (a) (450 mg) .^.NMR(CDCl3K 5. ; 7;49-7.10 (10H, 
.30 m) / r4;71:(lH, d),;3;94 (3H* m) r* '2-&9.L (M^mf^S90^(2^^^ 
1.31, (9H, s), 0.89 (9H,; s) , 0.11'-(6H/i d)lr^ -i^^Mri 

c) (2R,4S,5S,l'S)-5^(t-but6^^^ 
butyldimethylsiloxy-N-(l*^ 
35 6^henyl-2-(3^henylproparOTi)hexan r ^ - I , & . 

Following the procedure of Example i : (c)> e"xcept' using 
(2R, 4S, 5S) -5- (fc-butoxycarbonyl) amino-4-tHbutyldimethylsiloxy- 
6-phenyl-2-(3-phenylpropargyl)hexanoic acid (240 mg) and 
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( IS) "l-^dazol-2r;yl-2-methylpropy1 ami ne, ; the title compound 
was prepared (244 mg, 84%). ; Mm(OE)Cl3) 5 7.14 (12H, m), 6.72 
IL.f ,\ dH r d)/ 4.58 n (lH,, d) ,., 4.49 JlH,_dd), 3.92,.(1H, q), 3.80 <1H, 
ra), 2.|54 ; J5H /t .xa) / { 1.6S (2H,- m),;1.20 (9H, s),0.81 (9H, s) , 

* /? : 5 . 0.80 (6H, dd),^0.05 (6H, d) . ... > 

* : ? . d) . (2R, 4S / 5S /; l , ;S)--5- <trbuto^caxbonyl)amino-4-hydro^ 

. : isopropyl-l V-imidazol-2~yl)metAylr6^henylr2-(3- 
".fO"J:,.sw ' vphenylpropargyl)hexanamide \ w"*' -* - — 

10 • o Followingwthe.cprocedure of Example 9 (d) ,.. except using 
(2R, 4S, 5S, 1 ?S)±-5- (t-butoxycarbonyl) amino-4-t- 
r> ;: j . j. butyldimethylsiloxy-N- (1 , -isopropyl-l , -imidazol-2-yl) methyl- 
i. -J - i- . V- , 6-phenyl-2- (3-phenylpropargyl) hexanamide, the title conrpound 
,3U) was prepared, (161 mg,.79%) ; . NMR(CDCl3) 5 7.24-6.98 (10H, m), 

*i'tj c 15 • 6.68, (2H,?s), 5.20 (1H, m)> 4.52 (1H, d)', 3.49 (2H, m), 3.06 
U.v (1H, m),;2.56 (5H> m),L2.04 (1H, m), 1.61 (2H,; m)^ 1.26 (9H, 

s), 0.68 (6H, dd); MS m/e: 581.2 (M+Na) + f . 559.2 IM+H]+, 541.~4, 

503.2, 485. 2, 459.2, 441.2. 

20 -S.-i.Yi 0 - ! t^w Example 13 : 

(■ Preparation of f2R, AS. 55. 1 « S)-5^ fisopropoxycarbrmyl) atnino-4- 
••• tiydrnvy-W-n «-i snpropyl-1 '-jTnjdaro1->2-yl^methyl-6-phPny1»-9- 

rt j phenylTnethyl-hftxanamiflft • ' 

s i\ 25.OLi.-c v ^rr v- vv n.-b-'ri i* • .. ■. - ; . ..\ •■;*?:■ : .j 

o a) ^(2R r 4S;5S / 1 ' S) -5-amino-4-t-butyldimethylsiloxy-N-•(l , -- 
.5>;v. . cic isopropyl-l'-in&dazol^-ylVmet^ 

vrt? - hexanamide hvtt a J .--v. 7 ; </ : - ■ * 

Y*i t^LSita .The 1 product of Example .1 (c) *. (0.20 g, 0.31 mmol) was 
■ ; 30 ;^ dissolved in trifluoroacetic acid and. stirred at room 
-TS . i' r. ( j temperature (for 5 min/ and partitioned between > : 
, { ; m; ;. dichloromethane. and saturated aqueous NagCQ?.' ■ The ..organic 
-r-<: , u extract was .dried over Na2C03, filtered and evaporated to 
,^3} . : afford, the, title conpound v(Q.17 .g, 100%) which was used 
35 ( without: further purification.;! . ; . . . . ' . . 

b) (2R, 4S f 5S, 1 f S) -5- (isopropoxycarbonyl) amino-4-t- 
butyldimethylsiloxy-N- [ 1 1 -isopropyl-1 • — (H • — 
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isbpropoxycarbonyl) imidazoi-2-yl] metiylT6^heny'l-2- 
phenylmethyl-hexanamide ... 

> A mixture containing the comp'oun^of 13(a)> Tl (0.17 g, 0.31 
mmol) , isopropyi <£hlorbfoCT»te -(6.€T- Mtf/-hl*?ia r v **" ' 
S dichloromethane, 2 eq) and 4-d^~thVlattihopyridlile , (0i75 g, 2 

eq) in dichloromethane (40 mL) vas allowed to stir at room 
" temperature overnight under: -ah argonV'a^sphere . f?The mixture 
was then partitioned between: dichloromethanei and saturated 
aqueous Na2C03, and the organic • extract s was t dried ? over . Na2C03. 
10 The solvent was removed in vacuo, :and>'thex'residue was -• 
purified by flash chromatography j(silica; .'.4%.C ! . 
. methanol/dichloromethane) to afford : the., title': compounds (0 i 214 
g, 96%). NMR(CDC1 3 ) 8c7.35-6.78 : (12H, vm) ? 6.57<(1H, d), 5.61 
(lHi dd), 5.19 <1H, mj, 4.86'" (1H, m) ^ 4:77 (Iff; d) , 3.97 (1H, 
IS q), 3.63 (1H, t) , 2.88> (1H, dd), 2.70-2. 48, :(4H,3m) > 2.06 (1H, 
m), 2.00-1.85 (1H, m);: 1.79-1.64 (1HV m)/:.1.45 (6H, dd), 0.94 

• , (9H, s), 0.85 (6H, d),i0.12 (6H, d); l s « ! ---J I* 

c) (2R f 4S,5S / l , S)-5-(isopropo^C2a±onyl)amino-4-liydroxy-N- 
20 (l'-isopropyl-l'-imidazol^-ylJmethyl-G-phenyl-Z-- 
phenylmethyl-hexanamide 

: : o To a solution of the compound- bf '.113 (bj ^(O^l*: g) in 
methanol, excess aqueous HC11(~ 5 eq>^s >added^ ^Hie ■ 
resulting solution was allowed to stir-atciroo^^^ 
25 overnight , and was concentrated under reduced pressure.; The 
- : residue was .diluted. with H2O,:/ and basif led r^with jaqpieous 

Na2C03, ; The mixture was extracted.;with di<AlofometliiMe f and 
the combined organic extracts were dried over. Na2C03. The 
solvent was. removed tin '.vacuo* andv-tte^residuei^was'purif £ed 'by 
30 flash chromatography (silica, <A% miethahol/dicAlordmethahe) to 
afford the : title compound (0>150ig/; ; 9.7%) ;^/NMR(CDCl3) 5 7.32- 

• y -6.36 (13H, m), 5.48. <1H, d) 5.08* (IH^m) V 5.00^(1^ s(br)), 

4.87 (1H, m), 3.78 '(1H, m) r v3;62-(iH^*m) r ;i 3.25^ (1H/ m) f 2.96- 
: 2.67 <4H, m) r :2.29 (lH,.m), lV95-lv65' i(2H/^m) />:!;. 25-1 .12 . <6H, 
35 dd), 0.80-0.60 (6H,* dd) ; MS ia/e-521; tM+H]+ r ! 519;i(M-H)~i:£ 
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^ * l) d)n (2R,.4S, 5S , 1 • S) -St f isoprppoxycarbonyl) amino-4-hydroxy-N- 
. (l. t -isopropyl-l , -inddazol-2-yl)methyl--6-phenyl-2- 

•In <>u.J- of The product jof ,13*(c) . (lOO. mg, *,0.192 .mmol) was dissolved 
. C$,5 ; inVmethanoiij (10' mL) "and a 1M solution of . HC1 in - ether (0 • 1 92 
r n:r?i:»?. mL) wasCadded. • The solution was concentrated by rotary 
! \u evaporation twithout heating/ and the residue was trituated 

<x ( with- ether and dried under vacuum to afford the : title. 
■ .2? - V ( conqpound (104 mg,, 98%) /.•:*: NMR(O>30D) 5 7.30 (2H, s) , 7.21- 

3 10 •,"6 r .:88'(10H / »m) / 4.61-{2H, ,m), 3.65 (1H, m), 3.48 (1H, d), 2.99 

* (1H/ m ).;* 2.87 <1H, m)v 2.74-2.56 (2H, m) , 2.12 (1H, m), 1.75- 
{i: : : - 1.50\(2H, m), 1V17-1.00 (6H, dd), 0.90 (3H, d) , 0.64 (3H, d) • 

J-:,; .V.J. .(> ^/ < ^P-.t' {o ■ ; . t ; . ; • y : . 

; Example 14 , 

v > by/^r Preparation- of f?R,4S.5S.l'S>-^7h^Ti y ylnyyi>t-hnv ycarhonyl^ 
amino-4-hvriroxv-N- H sonropyl-1 ' -lmirtar.nl -?- y l \me>j-Yi Y l-f;- 
phenvl-2-phenvlTnethvl-hfiyaTiaTn^ H» •. . r. 
■:V.v; : jV . , ^^^C^ \. o 

i-; 20 a) benzyloxyethyl-(4-nitro)phenylcarbonate o : : 

"■' •> To°a solution' of 2-benzyloxyethanol (2.5 g, 16.4 mmol) 
is.:; and bis (4-nitrophenyl) carbonate (5.0 g,.l eq) in 
r v./. , (;,f dichlorbmethane^(20d mL) , N-methylmorpholine *{1.81 mL, 1 eq) 
was added. The resulting mixture was allowed to stir at room 
25 temperature for 3 d. The reaction mixture was washed^ 

successively witti H2OI and saturated aqueous NaCl and dried 

• over Na2S04.\ The solvent was removed in vacuo, and the 

- — -reside 20% 
;.v Jethyl'acetate/tiexanes)' to afford -the title compound (4.38 g, 
30 .84%). NMR(CDC1 3 ) 8 8 .26 (2H, m) , 7 .34 (7H, m) , 4.62 (2H, s) , 
4.49 (2H, t), 3.70 (2H, t) . 

b) (2R / 4S/5S r l!S)-5-(ben2yloxyethoxycarbonyl)amino-4-t- 
-i v* ■> ' • butyldimethylsiloxy-Nr- [1 ■ -isopropyl-1 • - (N • -benzyloxyethoxy- 
35 carbonyl) imidazol-2-yl ] methyl- 6-phenyl-2-phenylmethyl-r: 
rni™ .Khexanami'deX r :*:^r ;c:; lo ^r-'i'po ,:t • :vv v<- '. . 

- ' V i Toe a 'solution ! of. the compound of Example 14(a) (134.5 
:M ^'mg/ • 0.24' mmol) in dichloromethane (40 mL)' under an argon 
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atmosphere; benzyloxyethyl>4-hit'ropKenyT Carbonate (160'- mg, 2 
eq) and 4-dimethylaminopyridine r (60 :mg,v2>.eq)::were added. 
The resulting nrfjcture -was allw^ 

overnight, and was «diluted^ with :dichloromethane. The organic 
extract was washed successively wit» Aqueous! Na2CX^, H 2 0, 
aqueous Na 2 C0 3 and H 2 0, .and dried :WrI-Na 2 O0 3 The; soivent 
was removed in vacuo, • and the residue". : was: purified* by flash 
chromatography (silica, 4% methanbl/dlchloromethane) to 
afford the title, compound; (180 ing, . 82%) . rNMR(CDCl 3 ) 5 7.45- 
,6.80>(22H,. m), 6.62 ^<1H, , d) ,, 5Y60 (1H,, t) ,.:5;0.6'.*(1H, d>, 4.60 
.(2H, s), 4.52 (2H, s) ,< 4.50; (2H, m) ,:,4;.31; (1H, m)>; 4.07 (2H, 
m), 3,80 (2H, t), 3v68 (1H, q) ,;; 3;57r (1H, q) ,v 2>.85r (lH, m) , 
2.77-2.41 (4H, m) , 2.09 (1H, m) , 1.90 (lH, m) , 1.73 (1H, m), 
0.95 (9H, s), 0.81 ..(6H,.dd), 0.11 (6H, d) . 
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c) (2R, 4S, 5S, 1 f S) -5- (benzyloxyethbxycarbonyl) aminb-4-hydroxy- 
N_ ( 1 • — isopropyl-1 ' -imidazol-2-yl) methyl— 6-phenyl-2— 
phenyimethyl-hexanamide '. V ^SiX-l'^^'^^-r'^^i^. 

Following the procedure of Example 13(c) , except using 
the compound of Example 14 (b) t (160 mg) ; vthe= title ( compound 
was prepared (100 mg,[81%) . : NMR (CDCI3 CD3OD ) 5 7.40-6.79 
(17h; m), 4.55 (211, s) , 4.45 (1H, f dj> i4i20: t2H, m)> 3.80-3.45 
(5H, m), 2.95-2.66 (4H, m), 2.59 >(1H, dd) , 2.07. (1H, m> , 1.71 
.. (2H, m),. 0.80 (3H, ..d) , 0.68 (3H,n:d) . .. cc,= . 

2S - ' -i •: ••• .'.> ■ <, .:j-;>:*,-k>-: ?.r. 

p wpa r a t-4n« »f r9R.4 S -«;g-Tfi^-?>-fni>>i-hnxvf:arbnTiYl)nTiiinn-4- 
hyHTyivY-w- n gnh r rtpyi -i »-<r < rta » n1 * mftthvl -6-nhfinvl-2- 

a) (2R,4S,5S,l'S)-5-(methoxycarbonyl)amino-4-t- . 
Abutyldimethylsiloxy-N-tl'-isoprbpyl-lVtH'.-J K 
• ;if methoxycarbonyl) imidazol-2-yilmethyl-6-phenyl-2-phehylmethyl- 
35 hexanamide^'- r,:' ' .••••'•»m"l i^i-a^^' <XV:<^;^ / " ^k •" 

Following the procedure of Example 13(b), ■ except using 

(2R, 4S, 5S; i • S) -5-aadno-4-t^tyWi^ ' 

isopropylTl , -imidazol-2-yl)methyl-6-phenyl-2-phenylmethyl- 



WO 93/02057 



PCT/US92/06047 



- 51 - 

.. ■:.)-v. hexanamide, the title compound was prepared (89%). 

. ..^ _ NMR(CDCl3) 8 7.40-6.7?., (1M, m) , 6.52 (1H, d), 5.58 (1H, dd), 

4.91 (1H, d>; 3.96 (3B, s), 3.95 (1H, d), 3.66 (lH,*t), 3.60 

..... <3H, s), -2. 8.5 ..(IE, m)r- 2.73-2.40 (4B,.m), 2.08 (IB, n), 1.90 

5 (1H, m), 1.69 ; (1H, m), ,0.95 (9H, s), 0.85 (6H, dd), 0.14 (6H, 

d). . ^ . ; ..... , •.' , , . . ■■ ... . .. _ _ . 

b)> (2R, 43,5s, l'S)-5- (methoxycarbonyl) amiho-4-hydroxy-N- (1*- 
isopropyl-1 * -i m ida zol-2-yl) methyl- 6-pheny 1-2-phenylmethyl- 
10 hexanand.de 

Following .the procedure of Example 13 (c) , except using 
the compound of Example 15 (a) , the title compound was 
:• ^ , -,u,,prepared.;(70.%);.;v l^(CTCl3, CD 3 OD) 5 7.23-6.60 (12H, m) , 4.38 

; - (lH f - d), 3.65 (1H, t),.3.54 (3H, s) , 3.33 (1H, m), 2.95 (1H, 

IS- m), 2.82-2.40 (4B, m) , 1.95 (1H,. m) , 1 . 64 (2H, . m) , 0.69 (6H, 
dd). 

,;„■•-. Example 16 

.20. Preparation of f2R.4S.55.1 > SW5-fftfchQyyr!arboriyl>a^no-4- 

;•' <, ■ hydrdxy-TT-fl '-isopropyl-1 '^jmidarol-g-yl^ methyl -6- phenyl-?- 

t phenylmethyl-hexan amide . 

^' : i . . •• • 

a) (2R, 4S,5S,l , S)-5-(etboxyc^bonyl)amino-4-t- 
25 butyldimethylsiloxy-N-[l , -isopropyl-•l , -(N , -- 
- -v/- ;<v ethoxycarbonyl) iinlda2ol-2-yl]methyl~6-phenyI-2-phenylmethyl- 

ihexaneutdde: c< \ ; \r: ; . v.: r; . * "•. - 

•a .tu Jn;«; : . Following vthe procedure of Example 13(b), except using 

n, (2R, 4S, 5S, 1 ! S) -5-amino-4-trbutyldimethylsiloxy-N- (1 • - 
:H . '30 -1 ?- isopropyl-l , ~iioidazol-2-ylJinethyl--6--phenyl-2--phenylmethyl- 
U; Cv, Shexanamide-and ethylchloroformate, the title compound was 
:r, jprepared (90%) . ; 13MR(CDCl3) 5 7.35-6.77 (12H, in), 6.55 (1H, 

d), 5.60 (1H, dd), 4.86 (lH^d), 4.41 (2H, ra),: 4.15-3.90 (3H, 
m), 3.66 (1H, t), 2.87 (1H, m), 2.75-2.45 (4H, m), 2.08 (1H, 
35 m), 1.92 (1H, m), 1.70 (1H, m) , 1.45 <3H, t), 1.18 (3H, t) , 
0.98 (9H, sj, 0.85 (6H, dd), 0.13 (6H, d) . 



WO93/02057 PCT/US92/06047 

- 52 - 

b) (2R, 4S, 5S, 1 *S) -5- (eth6xycarb6riyi)amino-4-hydTO3cy-N- 
isopropyl-1 * -imidazol-2-yl) methyl-e-phenyl-Z^plienylmethyl- 

" hexanamlde ; ^ C VM* \ ; . 

Following the : procedure of Example 13 (cj except using 
5 the compound of Example 16(a) / the 1 t*itle r coii5?bund } was _i 

prepared (95%). NMR(CDCl3/ CD3OD) 8 7.25-6.75 (12H f m), 4.43 
(1H, d) r 3.95 (2H, q) , 3.61 (1H, q) , 3.40 (1H, m) , 2.85 (lH f 
> m) > 2 . 80-2 .40 (4H, m) , 2 . 05 (1H, m)V h£a>Z(2R'£ t)v^ 1 . 11 (3H, 
t), 0.72 (3H/ : 'd), 0.55 (3H, t )V ^ - : ^ 

10 

F.vamp1^*17 •uc o 

P^paT-af-i'on n-f f 2tt - 4fi;'fifi. 1 'SI -S- ^hntiSvv^rbonvl Vamf no-4- 
. hyHrnrv-N-M «-i gonr npyl-1 '-iTn*Hagol-?-v1 1 fflftthvl--6-T>hftnvl-2- 

" ■ ' ' • - "fWr t - 

a) (3R, 5S/ 1 1 S) - (1 • -t-buto^carbonylamino-2 '-phenyl) ethyl-3- 
( 3-phenylprop-2-enyl) -tetrahydrof uran-2-one 

Following the procedure of Example 12(a), except using 
20 cinnamyl bromide (0.485 mL) as the' alkylating agent r the 
title compound was prepared; (0.51 ?gVl75%)/;^:\NHR(C0Cl3) S 
7.35-7.10 (10H, m) , 6.43 (lH r : d) , 6:09 (1H/ m) r 4.60 (1H, m) , 
4.48 (1H, q), 4.00 (1H, t (br) ) , 2.96-2^55 (4H, m), 2.53-2.21 
(2H, m), 2.05 (1H, m), 1.35 (9H, s) . "V ,a v - ; ~ 

b) (2R, 4S, 5S) -5- ( t-butoxycarbonyl) amino-4-t-butyldimethyl- 
s iloxy- 6-pheny 1-2- (3-phenyl-2-propenyl) hexanbic acid 

Following the procedure; of :Examplei; 12 (b) / except: using 
the compound of Example 17 (a) f • the title compound :was 

30 prepared (77%). NMR(CDCl3) 8 7.40r7w05 (10H>n m)>. 6.48-6.00 
(4H, ra), 4.78 (lH f d) , 3.94 (1H, 1 q) , 3;80*v(lH r m) f 2.89 (1H, 

. m), 2:83-2.26 (4H r m), 1.90 (1H, m) , 1.59 MlH, m)v* 1.28 (9H, 
s) , 0.90 (9H, s), 0.08 (6H, d) . : : K ^ ; 



WO 93/02057 



PCT/US92/06047. 



- 53 - 

■ % -i I C)> (2R/;4S,5S,l!S)T5-(t-buto 

butyldimethylsiloxy-N- (1 •-isopropyl-1 f -imidazol-2-yl) methyl- 
6-phehyl-2-(3-phenyl-2-propenyl)hexanamlde . 
: • J * Following: the procedure of Example 1 (c) ; except using 
5 tc the compound of/ 17 (b) f the title compound was* prepared (82%) . 
.-.«■ NMR(CDC1 3 )> 5 T.35-7.15 (10H, m) > 7.14-6.85 , (2H, m) , 6.73 (1H, 

- s^s), 6.20 (1H, d)>>6.10-5.*88 (1H, *m), 4.78 : (1H, d>, 4.65 (1H, 
-•■ t) f 3.97 (1H, q),i;3.76 (1H, m)> 2.77 (2H,-d), 2.50-2.25 (2H, 
Hq • - m), 2.12 (1H,> m)., il.,70 >(1H, ,m) , 1.63 (1H; m) , 1.3^ (9H, s), 
10 0.92 (9H, s) , 0:81 (6H, = d), 0.09 (6H, d) . : rf>* - 

d) (2R,:4S,5S, 1 'S)-5- (t-buto^carbonyl)amino-4-hydroxy-N-(l , - 
isopropyl-1 l-imidazol-2-yl)met±yl-6-phenyl-2- (3-phenyl-2- 
y'.'l) ov. i pr6penyl')hexanaiaide^£ ( ' ,?v -.o 

^ -15,h::> .Following itSeVprocedure. 1 of Example 9(d), -except using 

. -.<■ the compound ^of 17 (c)> the title conpound wais ! prepared (90%) . 
NMR(CDCl3f CD 3 OD) 5 i7;30r7.00 (lOH^rn), 6.71/(2H/ is) , 6.26 
(1H, d), 6.41 (1H, m), 3.66 (1H, d), 3.50 (1H, d), 2.88-2.45 
(4H; m)P 2.36' (1H, m)y 2.23 (1H, *m) y 2.06 (1H, m),' 1.70 (2H, 
20 m), 1.34 (9H, s), 0.88 (3H, d) , 0.74 (3H, d) . v? ^ 
^.0 MS m/ei561 '-[M+H) + ; '.J i-m.^r.,- oAl \o . r 

Lnt; u]ir.'.-:o ol ■> rv EvamplA 1ft - r, r , 

Mil -3i j bl'iX {;:';£• i- if. ■->.'. . ■ . 

i 25 t Preparation of r2R:4S:ss.l 'SV^ffwW 

phenvl-2-phenYlmethYl-heyanamMp> »>» 

a) (IS) ^N-(l--(imidazol-2-yl) -2-methyl) propylacetamide 
-?30.c"j ^ of Example 1(b)'' (175 xag) 

in dichlorometharie ; (10 mL)"atl0°C'was added diisopropyl- 
r;-ic • ethylamine) (355'img/^2 .75 mmbl) ^followed by-' acetyl chloride 
-\ -:cJ. : ' v: (215 mg/r2 ?75-mmol) / * ^Theoresulting "mixture was stirred 
overnight/ ) washed with saturated aqueous Na2CQ3, and 
: 35 .; ^concentrated..^ The 'residue:' was "treated* with methanol, stirred 
v i ^ r overnight^an<i ^concentrated imder reduced pressure to afford 

'"i.e.*: the 1 title confound « s (181 mg # ;; 78%) -as ^a* white solidV 1 
. NMRCCP3OD) 6 : ;6;9.5 ,(2H # s)> 4.72 aiH, d/ J=6 Hz)> 2i35-2.10 
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(1H, m), -1.98. (3^.^)^ 0.98 (3H r :.d f 2^«5^ 3' Hz)^; 0v82 (3H, &, 
: ' J«5 Hz) . • * : ■ ~ -H J^^/^^<t V: ,v 

•> i^- '-.'.7/: ^ ^) -i-^n^ii^-i - 

* b) (IS) -N- (1- (4-nitroimidazol-2-yl) -2-methyl) propylacetamide 
5 a - The compound of ; Exanple 18(a) (290Vmg^l^60>iraol)' was 
\ . . dissolved In cold concentrated &2S0]f v (2 'inL)Vrand^fter 

stirring £or -15 t iiiin,rt90%tsHHO3'i(0M-Mi)^iras addecj ; <iropwise . 
:. The resulting- mixture ; was;: slowly^ warmed to 40°C and stirred 
i. if or 2 h. The ; mixture .was>then7poured onto ice A and the pH 
10 was adjusted to 4 by the addition ,rofi solid ,NaHC03. The: 

mixture was extracted with ethyl acetate ,(6x), and the 
. , combined organic extracts ;were) dried 'over MgS04;;and . 
■:. concentrated under ireduced pressure>itd -afford the: title 
compound (153 mg, 42%). NMR(CD30D)l5 <7..98; ; (0H,* s), 4.70 (1H, 
15 :d f J=6 .Hz) f 2.35-2.15 (lH^m) ^rl.98 .;(3H/%s) /v 0.95 (3H,,= d r J=5 
, Hz), 0.85 (3H, d, J=5 Hz) , v. MS m/e ^475^2 i (2M+Na)+ f ^249.2 
, (M+Na)+, 227.2 [M+H]+, 18512; 168^0; ^Q:V^^ti#'- 

. . . ■ .;: ) ,,c i-.c ,(b .Mi) 

*r c) (lS)-l-(4-nitroimidazol-2-yl)-2-methylpropylami^ 

20 dihydrochloride salt ^ ::c . 0 ,(•:.,:&'! t-£". £ . i- 

A mixture of the compound of Exan^le jl8:(b)\a(153 mg r 0.68 
mmol) in GN HC1 (2 mL) was' Heated at* 90°C" for 12* h, cooled 
and concentrated under ; reduced pressure. The title compound 
was obtained (138 mg/ 80%) and used "without further ; 

25 ^purification NMR(CD30D)/_8 .8 . 12 -i(lH£ js). # £4 - 30 xdH*; d, -J«4 

Hz)/ 2.45-2.30 (1H, m)/-1.12 Ki3Bi±&?J^ia*):riQ?9&A3X* d, 
J=4 Hz) . -.^u.^:,^ 

6) ,(2R, 4S r 5S # l , S)-5-(t-buto^carbonyl)amino i T4Tt- # o 
30 butyldimethylsiloxy-Nr [1 * -isopropyl-;l • - (4-nit roiraidazol-2- 
\ yl) JmetAyl-e-phenyl^-phenylmethyl-hexanariddeifr.ix^ ii i 

, Following the w procedure; of : ;Exainpletl (c).;.;»except using 
(2R, 4S, 5S) t5- (t-butoxycarbooyl) aminoT4-t-butyldimethylsil03^ 
6-phenyl-2-phenylmethylhexanoic racid i and w ( IS) >l-(4-*o : 
35 nitroimidazol-2-yl) -2-methylpropylamine, r,the title c compound 
was prepared., NMXKCDCI3), 5^.30-6^ 6*.60^ (1H, d f 

J=4 Hz), 4.70.. (1H, d, ,J«5;Hz) r :C4i40 ^(lH/ J^ 
* (1H, q, : J«4 Hz), 3.75 (1H> dd, J=8> *3- Sz)%' 2^.5-2 ;30» (6H, m), 
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1.80-1. 50 j;(2H,_ -,m);, 1.25 (9H, s) , 0.85 (9H, s), 0.70 (6H, m) , 
; 0.05 (6H, d f v J-4 Hz) . ; . 

i ;: J . e) (2R/4S;5S # l , SKT5-(tTbutoacycarf>oayl)am^ 
- L v> 5 i .isopropyl-l , -(4-nitroindda20l-2-yl]methyl-6-phenyl-2-t 

phenylmethylrhexanamide *..V in-.-. * \ ■ -.■ - 

^ ' v ... i^ : Following < the. deprotectlon procedure of Example 1(d) f 
' •'.);';. except fusing {the compound of Example 18(d), the title 

; r; compound was; prepared.;., NMR(CD30D) 5 7.90, (1H, s) , 7.40-6.90 

:•: i ^10 ,;(10H, m), 4.53, (lH, : d, J-.6. Hz), 3.70 t (lH # m), 3.50 (1H, m) , 

2.90-2.60 ; (5H,.m), 2;00 (1H, m), 1.90-1.55 (2H, ,m) , 1.49 (9H, 
s), 0.85 (3H, d, J=4 Hz"), 0.70 (d, 3H, J«4 Hz) ; MS m/e 602.4 
? ; (M+NaJ+z 580.4r«[M+H] + /: 524.4, 480.4. • {; 

** ■ r-.\ r ^: :■ l-I-v *:? Cv U - n , .. r . .. . ■ .- * - 

is Examplft 19 

- - Preparation of f2R.4S r 5S.1 «S)-S- f r-hnroyyciayhrmyll aminQ-4- 

> ■ hydroxy-N- fl '-et.hyl-1 Mmidazol-2-yl)fflftthyl-6-phenyl-2- 

. v phAnylTn^hyl-heyanamtdft 

20 .... . - ■ .. 

a) ( IS ) -1-carbobenzyloxyamino-l-ethyl-l- ( imidazol-2- 
yl) methane 

Following the ' procedure of Example 1 (a) , except using 
Cbz- (L) -a-ethylglycinal in place "of valinal, the title 
- f -25 .-^.compound was ^ prepared . : NMR (CDCI3) 5 7 . 45-7 . 10 (5H, m) , 6.90 
(2H / :: s) / 5.65 (1H,, d, J«6 Hz), 5.10-4-.95 (2H, m) , 4.40 (lH r 
q, J«5 Hz), 2.00-1.70 (2H, m) , 1.00-Q.80 : (3H, ».m) • 

-i ! ■* b) ^ (IS)- (l-imidazol-2-yl) propylamine 

30 " Following the" procedure of Example 1(b) , * except using 

i v. the confound' of Example: 19 (a),- /the title compound was 

prepared. NMR(CDCl3) 8.6.90 ,(2H>! s) , . 5.00-4.50 (2H, bra), 

- 4.00 (1H, t, J=5 Hz) , 2.00-1.70 (2H, m) , 1.00-0.80 (3H,- m) . 
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c) <2R, 4S f 5S, 1 • S) -5- ( t-butoxycarbOT^ u. - 
butyldimethylsiloxy-N- [1 •^thyI-l^-imidazol-2-yi]niethyl-6- 
phenyl-2-phenylmetAyl-hexanamide 

Following the " procedure of Ex^lS* 1(c).; -^except using 
5 (2R, 4S, 5S) -5- ( t-butoxycarbonyl) andnd^4-t^utyldimethylsiloxy- 
6-phenyl-2-phenylmethylhexan6ic* a^ of 
Example 19 (c), the title compound } ms \pxe^^\ >v! l^(CpCl3) 5 
7.35-6.90 (10H,*m) r 6.78 (2H^s) p 6w20 v(d f v- J«5rHz) r 4.80-4.65 
(2H, m*V, 4,05 UH,'q, J«5'- ; Hz)>^3.72;' (IT/ W^J-lOP 3 Hz), 
10 2. 90-2. 50 . (5H, m) / 2.10-2.05 {1H, m) , 1.90-1. 65/ (3H f m) , 1.40 
(9H, s), 0.95 (9H, s), 0.90-0.85 (3H, m), 0.50 C(6H; s) . 

,b ea ■) . - 

d) (2R, 4S / 5S r l , S)-5-(t-butoxycarbonyl)aJnino-4-hydroxy-N-[l , - 
ethyl-1 f -imidazol-2-yl] methyl-6-phenyl-2-phenylmethy 1- 

15 hexanamide : ; : \-. ■ 

Following the procedure of Example 9 (d) \ except using 
• the compound of Example 19(c) , theVtitle compound was 
prepared. NMR(CD30D) 5. 7,40-7.00 (lOH^m) , 6. 85; (2H, s) , 
3.60-3.50 (2H, m) , 2.95-2.60 (5H f ;m); l;95-ii52i:(4H / m), 
20 1.48-1.26 (9H, m) f 0.8-0.9 (3H, m) . 

MS m/e 521.2 [M+H] + ; 503. 4, 447.4, -Vib -;;-.;.if) .... 

, KxflTfiple 20 . .. (c ; 

ph^yltnfttr liyT -Ti**y»n amide ^ , ;> v I £- -"; : . 

Following the procedure of Exanple: 19 (a) -19(d) r except 
>30 substituting Cfcz- (L) -a-propylglycinal. ,for.-Cbz-(L) -a- ^ 

t ethylglycinal, the title \ compound , was -prepared Data for the 
• : intermediates of this synthesis' were: ;'^ ; i ^-: > 
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mi tin a) (lS)rl-carbobenzyloxyamlno-lrpropyl-l-(imidazol-2- 
i :r yl) methane. r.-.NMRCCDCla) ; S ; 7.40-7.10 . (10H, j&) , 6^.65 (2H, s), 
'T :.>: 5.55.'.(1H,. d, J-6 Hz); 5.10^4.90 (2H, m), 4.65 (1H, q, J=5 
" : ' Hz); -2. 05-1. 93« (1H, m) 1 . 90-1 . 75 (1H, m) , 1.45-1.20 (4H, m) , 
i:5 -0.95-0.85: (3H,;m).:.,;, ,,. -v ' I 

b) (lS)-l-(imidazol-2-yl)butylamine. KMR(CDCl3) 5 6.90 (2H, 
J s),\5.10-4.'40 (2H,5 s(br)), 4.05 (1H, t, J-S Hz}, 1.90-1.55 
r . - V (2H, ! m); 1.45-1.20 ' (4H, m),' 0.95-0.80 <3H, m) *■ 

0 . c) . (2R, 4S, 5S, 1 *S) -5- (t-butoxycarbonyl) amino-4-t- 

butyldimethylsiloxyrN- [1 '-propyl-l ' -imidazol-2-yl]methyl-6- 
, phenyl-2-phenylmethyl-hexanamide. NMR(CDCl3) 5 7.35-7.00 

(10H, m), 6.78 (2H, S) , 6.22 (1H, d, J=5 Hz), 4.85-4.68 <2H, 
15 ' at) , 4.00: (1H, q,< J-3Hz), 3.75 (1H, dd, J-10, 3 Hz), 2/80- 
v- - 2.50-(5H, m) > 2.12-1.95 (1H, m) , 1.90-1.60 (3H, m) , 1.40-1.20 
• " (13H,' m) , 0.90 (9H, s), 0.87-0.80 (3H, m), 0.07 (6H, s) . 

d) (2R, 4S, 5S r 1 *S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 
20 propyl-l 1 -imidazol-2-yl ) methyl- 6-phenyl-2-pheny Imethyl- 

hexanamide. .NMR(CD30D) 5 7.40-7.00 -(lOH, m), 6.90 (2H, s), 
'^ 3.78-3.50 (2H/m), 2.90-2.60 (5H, m), 1.90-1.55 (4H, m), 
1.45-1.20 <13H, m) ; MS m/e 535.4 tM+H] + . - 

« 25ly^*->' : '■ '{.3tf"S': ': -.-ir.-;!! //: Example-21 : -\ 
-i iZ ) *r.« ;,=.*.:,.. :> is .'7. *\ . :- 

% ,i Pt»pparaf-j nn r>f f2B r 4ft. Sfi. 1 f fr-hiifcoxvcarbrmvll ntnino-4- 

:i ; . hyri^yy^W- fl '-4 gnqrnpyl -1 f 4^V>rnTnnimtda?:ol^-v1 ntnftthvl-6- 

iv:..- Any! ^ -phAnyltnAl-hyl -hftxanamidg % . 

- > a) (lS)-N-lT (4-bronuDi^ 

^ r: - and ^ * * i: -t f ^H « ^: - .-.v . - .. _ 

(IS) -N-l- (4 r 5-dibromoimidazol-2-yl ) -2-methylpropy lacetamide 
V- - : v: To" a solution of (lS)r-N-0.-imidazol-2-yl-2- 
35' ^ methyiprbpyiacet^ 8.73* mmoiy In 95% etbanol 

(30 xsiL), 2,4,4, e^-tetrabromocyclohexadienone (3.93 g, 9.60 
*ij s mmol) was added*; The resulting mixture was stirred at room 
mI; r-i tenqperature for 30 min, and was concentrated In vacuo. The 
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residue was dissolved in : dichlbromethane; washed with aqueous 
' NaHC03 and dried over "Na2S04. ' : The' solvent' Cwa's removed in 
vacuo, and the residue was purified? by flashfchromatography 
A a. to afford the title compound (650;;mg,v;29%)-.G. NMR(CDCl3) 8 
S :7.70 <1H, d, J-7 Hz), 6.85 (1H, s) ,'>4.«7y (lH>otvi; J=7 Hz) , 
2.35-2.25 (IE, m) , 1.95 <3H, a), 1.05 (3H, d, J=5 Hz), 0.80 
(3H, d, J=5 Hz) . •• -Aosj*;^/i -t>lBi) 

Also isolated was. (lS)-N-l-(4y5Hiil>romoimidazol-2-yl)-2- 
methylpropylacetamide (50 v mg,i:8%) :2,NMR(CDCl3h 8 ,4.68 <1H, t, 
*10 J=7 Hz), 2.38-2*25 <1H, m), 2.05 (3H, s) ,;. liOS .JSH, d, :J=5 
Hz), 0.85 (3H, d, J-5 Hz); MS m/e 340iOV[M+H]t,. 280.8. 

b) (ls)-l-(4-bronioiiid.dazol-2-yi)-2-metKyipropy^ 
dTihydrochloride ."■.'} • \? 5"? &\<« ; .!!0i> 

is Following the procedure of : Example. :18 (c) ,'; except using 

' \- . I ( IS) -N-l- (4-bromoimidazol-2-yl) -2-methyipropylaeetamide, the 
title compound was prepared. % imRCCDsOD)^ 7.60 JIM, s) , 4.35 
(1H, d, J=7 Hz), 2.50-2.38 (1H, m) , 1.10 (3H r d, J=5 Hz), 
0.82 (3H, d, J-5 Hz). >■: .v ;t : ,t,t '.!- (o. 

, c) (2R, 4S, 5S f l'S) -5- (t-butoxycarbony^amino-^-t-* oi' 

butyldimetbylsiloxy-N- [1 '-isopropyl-1 , -(4-bromoimldazol-2- 
yl) ]met±Lyl-6-phenyl-2^heny^etAyl^bexanajnide i . a 

Following the procedure of Example 1 (c) , except using 
25 (2R, 45,55) -5- (tHiutbxyearbonyl) akirio-4-£-but^ 

6-phenyl-2-phenylmethylhexanoic acid and (lS)-l-(4- 

: - bromoiiiddazol-2-yl)-2^ the 
. title confound was: prepared. NMR(C3)Cl3) -.8 ;7, v 40-7 .0 (10H, 

'.«), 6.70 (1H, -S), 6,45 - (1H # d;- J«5 
30 4.40 (1H, t, J«5 Hz), 4.02 (1H, q, J a 4 Hz), 3.78 <1H, dd, 
J«7, 2 Hz), 2.90-2.30 (9H^ m)/^lw85rl.60 ((2H,f^ (9H, 
s), 1.00 (9H, s), 0.85 <6H, t, J«4 Hz), 0.10 (6H, ,d, J=6 Hz). 

d) (2R, 4S, 5S, 1 • S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 f - 
35 isopropyl-l , -(4-bromoimidazol-2~yl) ]methyl-^phenylT2-^c 
phenyliaethyi-hexanamide o n^ ^^*S->V>^ i.*>V-; • 0\> 

Following the procedure of Exan^lei- 9 (d),, .except using 
<2R, 4S , 5S, 1 • S) -5- ( t-butoxycarbonyl) amino-4- t-but yldimethy 1- 
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. fo* : ;siloxy-N- [l-?;-isopropyl-l 9 - (4-bromoimidazol-2-yl) ]methyl-6- 
phenyl-2-phenylmethyl-hexanamide, the title compound was 
prepared. NMR(CDCl3) 8 7.40-7,00 (10H, m) , 6*70 (1H, s) , 

6.55 <1H, m), 4.90 (1HV d, J«5 Hz), 4.50 <1H, t, J=5 Hz), 
5 3.75-3.55 (2R,\ m) ,> 2.95-2.65 (5H, m), 2.40-2.25 (1H, m), 
1.90-1.60 (2H, m), 1.48 <9H, s) , 0.80 (6H, t, J«6 Hz), 
f. ;, , r MS m/e -613. 2 [M+H] +; 535 . 2 . ; : .... . , 

Jy .:• * 'I.v.-;*--!-, ■. , ... 1?; ; > 

- Example ZZ . 

10 - " ' ;J . 

Preparation <rf fZ^^S^SS^l'S^-S-^-biitowrarhnny^ aTnin^- 
hvdroxv-W-n '-isonropvl-1 f -(4. Imethyl- 
v6-phenyl-2"PhenylTnfithyl"hftxanamidft •, 

15 . v V: Following the procedures , of, Examples 18 (c)-18 (d) c and 
9(d) ^except .substituting < ( IS) -N-l- (4, 5-dibromoimidazol-2- 
yl)-2rmethylpropylacetamide for (lS)-N-(l-4-nitroimidazol-2- 
:ir v i.yl)-2methyl)propylacetaraide,: the title compound was prepared. 
iU -.v. Analytical data: for the intermediates of this synthesis were: 

a) (IS) -1- (4 , 5-dibromoimidazol-2-yl) -2-methylpropylamine, 
- I dihy^ophloride; ; NMR(CD30D) ; 5 4.10-3.90 <1H, br s], 2.30- 
f T 8 2.10-UH, s<br)), 1.10 <3H, d, J-5 Hz), 0.85 (3H,<d, J-5 Hz). 
r: -; w . fv.'.* : 'X. >!:,/;> j . . ; , * . 

«>? t 25: ,b), (2R, 4S;5S / l*S)-5-(t-butoxycarbonyl)amino-4-t-butyl- 
v l m dimethylsiloxy-Nr [ 1 ',-isopropy 1 T 1 1 - ( 4 , 5-dibromoimidazol-2- 

yl) J methyl-6-phenyl-2-phenylmethyl-hexananiide ., : NMR (CDCI3) 5 
7.40-6.90 (10H, m), 6.38 <1H, d, J=5 Hz), 4.80-4.50- (3H, m), 
4.00-(lH,, ; q, : . J-5 Hz), .^3.72 ; (1H, dd, . J=7, 2 Hz),, 2.85-2.50 
s> *30. v (5H, v m) ,v 2.30 (1H,- br-.s) , -2.20r2.05:. (1H, m) 1.85-1. 65> (2H, 
m), 1.38::(9H, s), 0.90 (9H,.s), 0.80-0.60. (6H, : m), 0.10 (6H, 
Jfj^..d, (J»3~Hz) ; -vi o.iiiJ. m */ ' . 

v J. *'-;J:',...>Y > . . i : • 

b i c) (2R,.4S, 5S ,1 \S) -5-. ( t-butoxycarbonyl) amino-4-hydrbxy-N- [1 1 - 
35 r . isopropylTlV^(4 r 5rdibromoiMdazol-2-yl) ] methyl- 6-phenyl-2- 
x i" ,phenyimethyl-hexanamide. •: ; HMR'(CDCl3)> '8 > 7 .35-6*85-5; (10H, m), 
^ % 6..:6S*(1H,. br. s)„ ^Si.^lH^id/- J«4,H2) #: 4..50; (lH f m), 3.72r- 
;) : V. 3.50 " t (2H, m) ,[ 2.98-2.63 -.(5H,;; m*, 2.15-2.02 (1H, m) , 1.90-1.70 
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(2H, m>, 1.40 {9H, s); MS We •693iO- tM+Hj+; - 637; 619, 593, 
575, 291. -■ ■■^'■■^-WB^• i a*V.V.«■».• ! ^«lq . 

■ : . •- . - ..^eat-.-.i^-q 

, . i • ;. , ■, '•■ '. ■:.«./ : ?is> *i;j;.V-<>e.i.' 

T,yrf™w-M-M '-^nBr o ryl-l »-f4-niPl-hvHmlda7oi--2-vl) IfflRthvl-g- 
phAtiYl-2-p hft"Y' lm ^ WvT - Lhftjcanainide 



a) . (IS) -1-caxbobenzyloacyaniino-lHLsopr^ 
. .V.metliylladdazol-2^1)'ii«thaBie^ 'on izk-U. »^ss£.ttwi«rt 

Cbz-(L) -valiial ; (1.0 g, 3v9- ! ""i^iy^a&-%^vdBdtehyde (4 . 3 
mmol, 40% in H2O) were dissolved in methanol (10 mL) and 
15 chilled in an ice bath; 'Concentrated ;aqtfe f ous T ammonia* (2 mL) 
was added and the reaction mixture 'was stirred 'at*20°C 
• overnight. The solvent was removed7in;vacuO and the residue 
c- dissoived in 5% HC1 (50, mL) . and eictracted.<witht ethyl acetate 
- (3x20 mL) . The aqueous, layer was basified toipH" 10 with 
20 solid Na 2 C03. A tan solid (463 mg) precipitated. The solid 
was purified by flash chromatography (silicap;2%-3% 
methanol/dlchloromethane) ta yield, the^tifcfe' compound as a 
white solid (180 mg, 16%) . ' ' mp 163-164?C; NMR.(CDC13) 5 7.45- 
7 .35 (5H, m)/ 6.60 (1H, s), 6.00 (1H, d, J-4 Hz) , '5.05 (2H, 
25 q, J-4 Hz), 4.40 (1H, t, J«4 Hz) ,'• 2i45-2<;30* (tB\ m), 2i20 

; (3H, s) , 0.95 (3H/ d, J-4 Hz) , 0.80 (3H>- fd,^ J-4= Hz) ; MS m/e 
u 575.4 <2l*«> + , 288.0 '[MHI]+.^ ^M^9-yn^«hU '■' 

• b) : (2R f 4S r SS r l , S)-5-(t-buto^cax^pnyl)a ; " 

30 butyldinethylBlib^ 

yl) ]met±yl-6-phenyl-2^henylmethyl-hexai^^ 

Following the procedure of Example 1 (b) -I (c) , except 
using (2R r 4S / 5S)-5-(t-butoxycarbonyl)amino-4-t- 
••V' butyldimethylsiloxy-6-ph^yl^2-phenylmethylhexinoic acid and 
3S : the compound of Example 23(a), the title cdntpourid was 

prepared. NMR{CDCl3) 8 7.37-6;90 :(l0H;-m) >' 6.45«(1H, s) , 
6.38 <1H, d, J«3 Hz), 4.75 <1H, d, J»S Hz) ,»M.'40 <1H, t, J-5 
Hz), 3.95 (1H, q f J-4Hz),. 3.72-3,68 (lH, m)V 32.90-2.70 (4H, 
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v . .,,,'m),. 2.60r2.48.,(lH # . m), 2.45-2.30 (1H, m) , 2.17 (3H,.s), 1.90- 
,1.80 ..(IB, m),, 1.75-1.62 UH, m), 1.40 (9H,.s), 0.95 (9H, s), 
0.75 (6H, t, J«3 Hz), 0.10 (6H, d, J«2 Hz). 

"Jrj*i: *ri's:v\ '.'.vwot t*>-v/. v >; r * ^ - • c ;■ . ';/ , : 

5 . c) (2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [ 1 • - 

isopropyl-1 (4-methylimidazol-2-yl) Jmethyl-76-phenyl-2- 

phenylmethyl-hexanamide • . . 

", . ' . ^Following the procedure of, Example Sf(d), except using 

. the compound ,o£ Example 23 (b) , the title compound was 

l<f prep^ (1H, s), 

<(: 4/92 :j (lH, d,. J^Hz) ft 4.42 .(lH,,: v t, J-4 .Hz) , 3..72r-3.55 (2H, 
(ci! ,- :t ,m),. 2.95-2^65, (5H, ri m), 2.35-2.20 (1H, m),.2.18 (3H, s),;1.75 
. (2H, br s),, 1.42 (9H,. s),: 0.75 (6H, d, J=3 Hz); MS m/e 549.2 
.•C. • vIM+H]+.. , v . r ,,.,. r . ... . ... : f 

15 " . ... ,-. ^ ; :-i 

, Prffparaf-.ion nf f^>R . 4S , Sfi ! . 1 ' S) -5- f fr-butoyvcarbonyl^ amino-4- 
hyHrftyy-Wn '-^ sopT-npyl-1 liiorQTnethylimidagQl-2- 
yl ^ 1tnA^hy1^fi-phAnyl-^^h<>ny3Tn^hyl-h<>xanamidfi ' 

i J[lS)7lrcarbobOTzyloxy (41-^ 

-.^ r ^ trifluoromethylinddazol-2-yl)me^ r . f (s 

vr , ^ r j Sodium acetate trihydrate (5.35,,g,. 2.2 eq), was. dissolved 
.25 . in water. (16 mL) and 1,1 di bromotrif luoroacetone (5.31 g, 1.1 
0 «eq) was - added... JThe solution , was stirred for 30 min .at 90°C. 
The solution was cooled to 0°C and poured into , a 0°C solution 
of Cbz-Valinal (4.22 g, , 1.0 eg) in anhydrous methanol (8 0_ 
mL) • Concentrated ammonium hydroxide (22 mL) was added and 
3 0 , A r . the mixture . -stirred", overnight , at room temperature . The _ 
.:^r....r solvents^ were f , evaporated to, give- a white precipitate, which 

was covered with 150 mL of water... The, suspension, was, filtered, 
and the solid washed twice with water. The white solid was 
dissolved in ethyl acetate, dried over sodium sulfate, 
35 filtered,, and evaporated to a white solid (5.24 1 g, f B6%) v 

^-HNMR (CD3OD) S 7.45 (1H, s) , 7.40-7.20 (5H, ~m) , 5.05 "*<2h/ q, 

* Tr Hz) * -^ 5 ?6 V< ^ ' d i" H2).r,.2..38r2.10 (lH,. t m) , ; 1,00 (3H, 

0 V d^J«4 Hz)^0.80^(3H/d, ^J=4 *Hz) , ' 13 CNMR {CD3pb,^ #1 Hrdecoupled) 
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8 18.9, 19.4, 67; 117 (q; J-3 : W;' I23i2iq/ '^266 ^Hz) , 128.7, 
x . 1 "- 129 3, 133 (q; ' J-39 Hz)';'' 13810," 'lil^jf J MS We 342^0 [M+H]+. 

b} (2R,4S,5S,l , S)-5-(t-buto^ca^onyl)am^o-4-t-butyl- 
5 o^iniethylsiioxy-N-[l*-iso^^ 
' 2-yl) ] methyl-6-phenyl-2-phenylmethyl-hexanamide 

Following the procedure of Exaniple- 1(b) -1(c) # .except 
: " us iiig •' the ' conpoimd'" of T Bxappi« ' ' (2R#*S » SjS) -5- ( t- 

butoxycirbbnyi) andno^t-outyia^^ 
io- phenylmethylhexanoic acid, the title conpourid -^s ^prepared. 
;: ' NMR(CDCl3) 8 7.35-6. 95'- 5 (11 * { 6i 5(f T (1H, 'J-4* Hz) , 4.75 

••• ' (lH,''d, Hz), 4i25"(lH/ V HzVV 3^5^ llH J Hz), 
1 ' 3.80-3 . 68 (1H, m), '*2;'90-2^40'- : (5H/ a),' r i.80-i t .60 f (2%} a),. 1.35 
(9H, s), 0.90 (9H, s), 0.80 (3H, d, J=3 Hz), 0.7oJ*i3H, d, J«3 
15 Hz), 0.05 (6H, d, J»2Hz). 

c) (2R, 4S , 5S , 1 * S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 • - 
v '*' isopropyl-1 ' - (4-tri^lubrometiyli^a^bl-2-yi)]rie f thyi-6- 
phenyl-2-phenylroethyl-hexanamide *** '■" — - ~ 

20 Following thW prbcedure of Exai^le 9 (d) ; except* using 

the compound of Example 24(b), the title compound was 
prepaid. NMRCCDCl^^S^^S^lH; sy^7^25-6i90^10H^ m)/ 
4.53 (lH f d, J-S Hz); 3.68 fa^if^ito)f%S2 '(lltf d, J«G 
Hz), 2.90-2. S5 "(si' ! iir fl 2M^ W^l^ (1H, m) , 

25 1.65-1.50 (1H, in), 1. 40-1 125 J (9H, m) , ' 0.90 v (3H/d, J-4 Hz) , 
0.65 V3H, d, '-J-4 tt) /''MS WJ i %03.2* e ijk^*? b '&9l$ f 503.2. 

30 ; PT-ApaVatt^ ^ : n f t?K i*« I SR. ft fil ^irtrnrecSrfeonvl lamlno-^- 

• ■ , ' * . . 

a) (IS) -l-carbobenzyibkyamino-i-is 

35 yl) methane 

Following the procedure of Example 1(a) . except ^ /: 
substituting N-methyl-Cbz- (W-valinai * for Cbz- (L) -valinai, 
the title compound was prepared. % * NHR(CDCl3) "5 7.45-7.30 (5H, 
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m), 6.90 (2H,, s), 5.12 (2H, ; s), 4.60 (1H, d, J°6 Hz), 2.95 
. (3H, s), 2.7,0-2.53, (lH,.m), .1.02 (3H, d, J-3Hz), 0.85 (3H, 

d, J«3 Hz) . r : ; •■ ■ ' r: -•; 

) ■■ \ " ' , . I'OV ".• ' ■" • 

: 5: i. b) (IS) Tl-methylaminorl-isopropylrl- (imidazol-:2-yl) methane 
/ Following the procedure of . Example 1 (b) / except using 
the compound of Example .25 (a) , : the title compound. was 
. prepared. NMR(CDCl3) 6.95 (2H r s), 3.52 (1H, d, J«3 Hz), 
> >. ?v 2.30,(35, s) /\2.107l.90 v (lH, :m), 0.98 (3H, d, J=3Hz), 0.82 

^10 v (3H, d, J=3 HZ) . : i : ... 

'* ' c) (2R/4S, SS/l'SJ-S-tt-butoxycearbonylJamino^-t — 
*; :. < '■■ butyldimethylsiloxy-N-methyl-N- ( 1 1 -isopropyl-1 • -imidazol-2- 
m V u yl) methyl-6-phenyl-2-phenylmethyl-hexanamide 
15 Following the procedure of Example 1(c), - except using 

the compound of Example 25(b), the title compound was 
prepared. NMR(CDCl3) 8 7.40-6.72 (12H, m), 4.82 (1H, d, J-5 

Hz), 3.95 (1H, q, J-4 Hz) , 3.82-3:. 75 : (1H, m) , 2.95-2.70 (5H, 
[\ m), 2.51 (2H,s), 2.50-2.38 (1H, m), 2.08 (1H, s) , 1.87-1.68 
20 (2H,-m), 1.38 (9H,: s), 0.95 (9H, s) , 0.88 (3H, d, J«3 Hz), 
\ . ^0.75n(3H, d, J«3 Hz), 0.05 (6H,d, J-7 Hz). 

•.■Ala \'<0.t i.-i 'I . * \v ; : ! ■. \ * ■ ■ ^ ■• ~r ■' 

o d) : (2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- 
ion-- xaethyl-N- (1 • -isopropyl-1 , -imidazol-2-yl) methyl-6-phenyl-2- 
% 25 phenylmethyl-hexanamide - ,;r " ' f ** • : ^ ? 
1 - v v Following: the procedure of Example 9(d) , except using 
the compound of Example 28(c), the title compound was 
prepared. NMR(CDCl3) S 7.35-6.82 (12H, m), 4.90-4.72 (1H, 
m), 3.70-3.00 (2H, m) , 2.92-2.50 (8H, m), 1.90-1.60 (2H, m) , 
30 1.40-1.30 (9H, m), 0.95-0.70 (6H, m) . > . 

MS m/e 549.2 [M+H] + . 
m,:.-:- ,,. , , - *. .* • ,v, •. < . " r. . ' 

,{ X % : : V*.i. ./ ... . V* \ V. < . ■ • ,' . 

35 Preparation of •■ f2R. 4S/5S. 1 'Sl-S- f ^h^ftvyrarHnnyl 1 anH nr>-4- 
hvdroxv-W- f 1 '-1 sooropvl-l (4-carhoTnArhoxyimiHa?.o1 -9- 
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a) (lS)-l-ca3*obenzyloxyandiio-l-isopropyl-l--(4- 0- 
: * " ' trimethoxymethylinddazol-2-yl) methane : ? • : '* * * ; \ - ( - 1 

Sodium methoxide (8 mL, 25% in methanol* *37^5rmmol) was 
added to a solution of the compound of Example 27(a) {640 mg, 
5' 1.88 mmol) in anhydrous methanol^ (10 mL) ^^^-lhevi7e8ultiag' < 
i : mixture was heated at* 55°C overnight;, cooled; and 

concentrated under reduced pressure: The residue was 
" partitioned between ethyl acetate : and EiO, and the organic 
{extract was dried over Na2C03- The .solvent was removed in 
10. vacuo, and the residue was purified by. flash chromatography 
(silica, 2% methanol/dichloromethane) to afford the title 
compound (545 mg, 77%) . NMR(CDCl3> 5 7. 40-7 .20 (5H, : m) , 6.98 
(1H, br s), 5.90 (1H, br s) , 5.08 (2H, s)v 4.50 /.<1H>- br s) , 
3.15 (9R, s), 2.00 (1H, m (br)), 1.00-0.80 (6H, m) ;*MS m/e 
15- 378.2 [M+H] + , 346, 332, 271, 195. :L ^ : rl 

b) (IS) -1-carbobenzyloxyamino-l-isopropyl-l- (4- * 

■ : carbomethoxy imidazol-2-yl) methane i n S ; 

A solution of the compound of Example 26(a); (540 mg) in 
20 1:1 methanol/aqueous HC1 (10 mL) was stirred at :ro6m 

temperature for 2 h, and concentrated under reduced pressure. 
The residue was partitioned between aqueous Na2C(>3 and 
dichloromethane, and the organic extract was drifed over 
Na2C03 and concentrated -in. vacuo .to afford the titles compound 
25 (470 mg, 75%). NMR(CDCl3) 5 7.55 ; .(1H, br cs) , .7.35 (5H, s), 
, 5.90-5.65 (1H, m) , 5.10 (2H, ;t, J»4 Hz) : ,. ;4.60-4.42 (1H, m), 
- 3.88 (3H, s), 2.40 (lH,,br s), 1.00-0.80 <(6H, m); MS m/e 
> 332.2 [M+H) + . - " • * : J-'^m -^M^/-' 

30 c) (IS) -1-amino-l-isopropyl-l- (4-carboraethoxyimidazol-2- c 
yDmethane - ' ; - ! ^ >. ^ ^ * 

' Following the procedure of Exaiiqpier ; 1 (b) 9 -'"-except using 
the compound of Example 26 (b>, the title compound was 
prepared. KMR(CDCl3) 8 7.62 (1H, s) , 3.97 (1H, d, J-4 Hz), 

35 3.82 (3H, s), 2.27-2.05 (1H, m) , :0.95-0.75 (6H, m) • : 
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tto-v d), (2R r 4Sy.5S / l! , S)r5^(t-buto^carbonyl)amin * 
r: v o <>« dlmethylsiloxy-N-[l/-isoprppyl~l ^Jr (4-carbomethp3cylmidazol-2- 
Jl Yl);l*stAyl--6j^ 

\A % v *{;;J:;-j: Following the jprocredure;of Example 1(c),; except using 
c ) s 5 . r tte.* con^im^ . of Example 26(c), ,the : title compound * was ^ 
. ; . t - pWared. {K l^(CDCl3) 5,7.45 r 6. t 90 (12H, m), 6,48 (1H, d, J-4 

Hz), 4.72 (1H, d f J-6 Hz), 4.35 (1H, s br), 4.02-3.87 (1H, 
m), 3.85 (3H f s), 3.75-3.60 (1H, m) , 2.90-2.40 (5H, m) , 1.90- 
1.60--(2H f '.a} r .:-1..42..*(9H,--8),-:\0.90'.(9H f s) , 0.72 (6H, d, J-4 
ID Hz), 0.10 (6H, d, J«=3 Hz)-.* :n. ^ •;*.»• ; ^ v ; 

;: (r.?, .,1 x \. is> VS ojl a;;: •' * v\% f . 

■ e) (2R; ;4S,/ 5S, ; 1! S) r-5- ( trbutoxycarbonyl) amino-4-hydroxy-N- 
<■ i ; ) [l , -isopropyl-l , -(4-carbomethoxyimidazol-2-yl) ]methyl-6- 
y _ phenyl-2-phenylmethyl-hexanamide 
V' 15 r .- ... Following the procedure of Example 9(d), except using 
v , the^ compound of . Exa»5>le 26(d), the title compound was 
• t . i rprepared.^ !WR(a)Cl3) f 5 7.40-6.80 . (12H r m), 4.90 (1H, d, J=5 

*».. : Hs) ,f-.4;50. .(lH,;,br s) , 3.90 (3H,, s>, 3.80-3.60. (2H, in) , 2.95- 
- - 2-« .68? (5H, .-&),; 2.45-2.30 (lH r m) , 1;.80-1.60 (2H, m),L40 (9H, 
s -.*20 { s),:;0.72 (6H, d, .J«4LHz); MS m/e 593i2 [M+H]+, 537.2, 519.2, 
&C493.2, 475.2; ,y . .; . . ,*r. . * . 

*? > i> ,>\C} . ; rv 0." ,(.-.:* ■ v \- 

Example 71* „ ; X( : : 

25 nPreoaration of ^R^S^SS^l'S^'-S-rfc-butoxvcarbonyllaiii^nn^^ 
hvdroxv-N- M '-isonronvl-1 (4 -methyl rarbonvl imH Harnl -9- 

yl) 1mftthyl-6"phftnyl"2-phenylmethyl-hexanamidft 

'■* a)) (IS) -1-carbobenzyloxyaminorlTisopropyl-l- (4- : 
*30./i hydroxymethylimidazolr2ryl) methane. ^ /.o .» o 

xv ul iu ,.*The.con5>ound of Example. 2 6(b) (0.314-.g/ 1.0 eq) was 
i\ * b stirred in anhydrous toluene at ,-r78°C > under, an argon 
* atmosphere.. > Diisobutylaluminum hydride >(3 . 8^mL; 1.0M in 

vifhexemes, 4 t «0.- a jBq)\m8..-Adiied--and- .the solution .stirred, at -78 6 C 
Sc35 vfor il; h;,The3reactionuwas quen^ mL, 1.0 

W. ; b. eq) . : The solution was * then diluted with Rochelles salt 
solution (sat.) and stirred, *f or; I h. ( The "solution .was 
extracted with dichloromethane twice and the combined orgajiic 
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'extracts were washed •successively' witlx satiiucated aqueous 

o. ■■.;!■ Rochelles salt and 'brine*! ' c The lorganie* layer 'was i: dried over 
magnesium sulfate/' filtered, arid erap1>rate f d :*-\te-~'g±fc' the title 
j compound as a'white solid:^(0i27f g^^4%)t?oJM^(fcD ! dl3) 5 7.25 
5**(5k; s), 6.69 (in; s) r Wtf (2H/ 
-° ; W, *.37(1H, t)/2.19 (lS; r m)'; dj^li^&i; d); MS 

^ ^m/e 304.0 [M+Hl+. *' " r - ' ^ ^ [ 

. b) (IS)-l-carbobenzylbxyamino ^ 
10 formylimidazol-2-yl)methane r . T : >• w> ..M/. 0I.Q-^H Oi 
The compound of Example 27(a) (0.11 g, 1.0 eq) was 
stirred in anhydrous* dichloromethahe at iroom temperature 
under* an inert argon'. atmosphere;- • Mahgaheserdioxide! (0.126 
g,4.0 eq) was added and: the: mixture was stirred at f room 
I5 r temperature overnight. After IS hv and: additional 2.0 eq of 
manganese dioxide was added; -The rea^ibn ^s^ coi^lete by 
" TLC after 2 h. The mixture was i; fiitered-thr I ough^a :r pad of . 
\Celite® and the filter cake was washed wittf^^ 
1 The organic solvent was removed in -vacuo (to > give '-the title 
20 , compound as a white solid (0.075 1-g:., ,69%)f3) NMR(CDCl3) 8.9.57 
(lH,s), 7.54 (1H, s), 7.12 (5H, s) , 6.43S(iH; dy,<4i96 (2H , 
dd), 4.43 (1H, t), 2.08 (1H , m) r 0.91 (3H, d), 0.62 (3H, t) ; 
MS m/e 302.0 [M+H]+. 

25 - c) ; . (IS, l'RS) -1-carbob^zyloxyamiri^ (4- (l f - 

hydroxyethyl)lmidazol^2-yiymethane.io 

The compound of^Exaiiple/'27 0b)-- > ^(0.i'rg^l^0?^>«a8 
stirred in a 3:1 ether/THF mixture at 0*C under an argon 
atmosphere. ^Methyl maignesium brbmidex(0. r 47 *.mLV-3.0M in THF r 
30 4.0 eq) was added and allowed to f - stir at vO^-ibjf-fcS h.^^ The 
solution was diluted, with "5% aqueous tLC^an^^B^ ii^stt With 
solid sodium carbonate. The solution** wks- extra:cted v ' with 
- ' ethyl acetate three, times arid 'tte 

- were dried over sodium carbonate/ filtered/ arid V! evapbrated to 
35 a white solid (0.1 g,: 95%) . r ^NMR(CDCl3); 8; 7;.19 ; (5H; s) , 6 f 59 
-':(1H, s), 6.42 (1H, d) / 4.92 (2H, dd) , 4.73 (IH) m)>? 2.09 (1H, 
. m), 1.37 (3H r d) r 0.82 (3H, d) , 0.66 (3H, d) . ■ > 
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d) .(IS, .l , RS)-l-a^nlno-l-isopropyl-l-(4-(l , - 
; V [ hydroxyethyl)l^da2ol-2-yl) methane. 
"'usi- ;rr^:^f!The^cp^ound of Exantple 27(c) (0.1 g, 1.0 eq) was 

.„ stirred; in anhydrous methanol with 10%. Pd on activated carbon 
5 (0.020,'g);..:. Hydrogen gas .was bubbled through the solution via 
* » or. balloon for,l ,h and; the reaction was maintained under a 

• iSi . hydrogen -atmosphere for 3 h.* The mixture was filtered 

> ) ' through a pad : of. Celite® and the, filter cake . washed with 
:;.-v methanol. .The methanol was evaporated to.; give; the titlfe 
^; : 10r , ponpoundi asj a white solid (0.05 g r 87%) . . NMR(CDCl3) 5 ,6.63 

s\ (1H, s),<;4.72 v(lH, dd), 3.61* (1H, d), 1.92 (1H, m), 1.49 (3H, 
V r d), 0.84 1 (3H, d), 0.67, (3H/ d) J .-^y.v . 

^: e) (2Rr4S # 5S / l , S / lV , I^)-5-(t-butoxycarbonyl)amino-4--t-- 
15 butyldimethylsiloxy-N- [1 '-isopropyl-1 (4- (1* 1 -hydroxyethyl) - 
imidazol-2-yl) ] methyl-6-phenyl-2-phenylmethyl-hexanamide 

To a solution of (2R r 4S,5S)-5-(t-butoxycarbonyl)amino-4- 
.; • v. ^ t-butyldimethylsiloxy-6-phenyl-2-phenylmethylhexanoic acid 
•Di / v (0vl31-:g;i 1.0 eq)- in anhydrous, dimethy If ortnamide, the 
20 compound of Example 27(d) (50 mg, 1.1 eq) , BOP reagent 
, : (0.11 g,M.p. eq) r and' triethylamine (0.04 mL, 1.0 eq) were 
*ir ;-. ■'. added. '?<; The solution- was stirred at room temperature for 
;\ fk ..i 16 h^ The solution was diluted with water and extracted three 
times- with dichloromethane.' The combined organic extracts 
* -i 25 were v washed with water , then brine. The solution was dried 
: £j ^' over-magnesium 1 sulfate, filtered, and evaporated to give a 

I:. It: : white 1 foam The foam was chromatographed (silica, 4% 
oJ I; rc methanol/dichloromethane) to afford the title compound as a 
white ; foam (0:11 g, 65%) . NMRXCDCI3) 5 7.31-6.54. (12H, m), 

'.^30 . 4.72 (IH^d), 4.48 (2H f d) f 3.82 (1H, q) , 3.61 (1H, m), 2.81- 
, - 2.3 ^(6^ m)^' 1^65 ;(3H/ m) r 1.48 (3H,d), li22; (9H, s), 0.89 
or.o , (9H f -s)> 0.70 (3H/ d),V 0.61 (3H # d), 0.06 (6H, s) ; MS m/e 
• 693". 4 [M+H]+.:^j i. -V .0 , . . . 
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f) (2R,4S,5S/l'S)-5-(t-buto^caibcmyl)ainino-4-t- t- 
butyldimethylsiloxy-N- [1 '-isoprbpyl-l'^ (4^thylcarbonyl- . 
imidazol-2-yl) ] methyl-6^henyl-2^h^ 

• The confound' of Example' 27 (eF (45 iiig; J lv0 7 feq) f was 
s .stirred' in dry dichloromethane' tmder^.^ert ! 'argSn 2 
• atmosphere. Manganese dioxide iJ (23<mg, '4;0^eq)^was Padded and 

• the mixture was stirred at room temperature ff or =16' h . An 
^additional 2 ;0 eq of 'manganese dioxide- was radded and the 

• reaction was complete by TLC after ^.5 h\ .The mixture was 
•10 filtered through a pad of Celite® and the filter 'cake - was 

washed with dichloromethane. The organic ' solvent- <was 
evaporated to give the -title compound as;;a white solid 
(0.038 g, 85%). MMR(CDCl3) 5 7.49-6.76 (11H, m) , 6.30 (1H, 
bid), 4.71 <2H, m), 3.86 (1H, q), 3.61.- (1H, dd)> 2.77-2.41 
.15 (5H, m), 2.31 (3H, s), 1.58 (2H, m)y 1.20 ><9H, s) ,.0 .83; <9H, 
s), 0.69 (6H, dd)> 0.04 :(6H,d); MS: m/e 691.4:. [M+H]+. 

g) (2R, 4S / 5S / l , S)-5-(t-butoxyca2^ohyl)amino^4-hydro3^--N-[l , - 
isopropyl-1 f - (4-methylcarbonylimidaiol-2-yl) ] methyl- 6-phenyl- 

20 -2-phenylmethyl-hexanamide • .-'&v r^ocrz^., .v. 

The compound of Example 27(f) (38 mg,C1.0 eq) was 
stirred in anhydrous THF under an argon atmosphere at room 
temperature. Tetrabutyl ammonium fluoride (0. 33; mL/ 1.0M in 
THF, 6.0 eq) was added and ^ the solution stirred. for j 16 h. 
25 The solution was diluted with water and extracted three times 
with dichloromethane. The combined. organic extracts were 
washed with water and evaporated,to a* white- solid* The solid 
was covered with diethyl ether* decantedotwice ,> r and .dried to 
— give the title compound as a white . solid? (25cmg^ ^79%) • 
30 NMR(CDCl3) 8 7.14 (5H, m) 6.86 (5H* m) , v 5.14a(lH,; d) , 4.42 
, (lH r d), 3:58 (1H,-: q) , .3 ,45 •: (lH r ^:d) r ^8^-2.50 1 <5H, Tm) , 1.91 
(1H, m), 1.63 (2H, m) ; 1.26 . (9H, s) »:(rotamer_ observed) , 0.70 
(3H, d), 0^57 (3H, d) ; MS m/e 577.2 
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(K . *\\L ',: W :> : . Example 7R 

Preparation a€ ( 2R. 4S.5S. 1 «Sl-5- (fc-biifcoxycarbonyll amino-4- 
hyHroxy-N- fl '-isopropyfr-1 f 4-isoprQpvlcarbonvlimida2Ql-2- 
5 . yiyimefchy^ 

rcO.^:.af//.o/r-f.Y^--*o^rvr-.i^'. ; -r. ■ -q .". • ' . ;v 

i ... *t a) (IS, l , RS)-l-caribob€nzyloxyamino--l-isopropyl-l- (4- (1*- 
. il V^' -o: hydroxy-2 1 -methyl) propylimidazol-2-yl) methane . 
ii » :;i ;}d j .7 Following^the' procedure of Example 27(c), except using 
(-10 isopropyl magnesium bromide (1.024 mL, 2. 0M solution, 4.0 eq) 
<l in place 'of 1 methyl magnesium 1 bromide, to yield' a ' crude 
- 1 product. .The crude* product was chromatographed (silica, 4% 
, ; : methanol/dichloromethane) to yield the title compound as a 
white solid .(0.155,g , u 88%)>»MR(CDCl3) 5 7.19 (5H, m), 6.58 
15 (1H, s),,4.91 (2H, m), 4.38 (1H, q) , 4.20 (1H, dd) , 2.11 (1H, 
■ . m),..1.83 (1H, m),r 0.72 ; (12H, m);~MS xn/e 346.2 [M+H]+; 328.2, 
279.0 :, ^254.0,; V 2Q5.0, ,177,0, 149.0, 118.0. . , 

ul . r ;:b) . (IS, 1 ?RS) -1-amino-l-isopropyl-l- (4- (1 '-hydroxy-2 1 - - 
L^20 q« methyl) propyliioidazol-2-yl) methane- 1 -.: 

r o (/ CO Vi Following' : the procedure of Example 27(d) , * using the 
T) ) compound lof 1 Example 31(a), (.the title compound was prepared as 
) * a<>white foam ; (96 mg , (100%). NMR(CDCl3) 5 r6.65 (1H, s), 

. 4.21c. (lH/rd)„ c3. 90 (1H, s), 2.22 (1H, m), 1.94. (1H, m), 0.93 
\ 25 n (6H, m) ; 0:64 (6H, m) ; MS m/e 302.0 [M+H]+; - / 

c) (2R, 4S, 5S, 1 1 S, 1 ■ 'RS) -5- ( t-butoxycarbonyl) amino-4-t- 
butyldimethylsiloxy-N- [U-isopropyl-l (4- (1 • '-hydroxy-2 • 
methyl ) propylimidazol-2-yl) ] methyl- 6-phenyl-2-phenylmethyl- 
r30 n hexanamide T :X a: <J: % \:£r3R ; . ...o.- , ' r . \. ; v„ 

1>. :. ^irollowing^ the procedure of Example 27(e), except using 
-■. the compouhdJof; Example 31(b) \(96 iag/ 1.1 eq)V -substituting 

dimethyl f ormamide as the solvent instead of dichloromethane, 
••'land purifying thei products by .chromatography/ the title " 
35 compound was prepared;, (168 g, 57%).., NMR(CDCl3) 8:7.22-6.81* 

r(HH,. m)V 6.62 ..{lH,t;d)y 4.71 (1H, dd) , 4.53 (1H, t) , 4:19 
...!. !!mv. (1H,. d),/'3.82 (1H, q) ,i 3.58 (1H, dd), 2.71-2.30 (5H, m)> 2.03 
-C(<(lH,:im) ,^l;70 (1H> m)/1.57 (1H> m) ,' 1.14 (9H, s), 0.91 (3H, 
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d), 0.88 (9H, s), 0.78 (3H, d) , 0.67 <3H, d) , 0.59 (3H, d) , 
0.03 6H, d); MS m/e 721.4 [M+H] + . 

• .. ..- '. ' it'- .X\ .r>:?&ziii x:a 

d) (2R / 4S,5S, l'SJ-S-Ct-buto^carbbnylJsua^ 

5 dimethylsiloxy-N- [1 1 -isbprbpyl-i-' r -T4^is6prdpYl\i^Wl- 
imidazol-2-yl) ] methyl- 6-phenyl-2-phenylmethyl-hexanamide 
> - . Following the procedure of -Exa^le'f27 (f)./VXexcept using 
the compound of 31(c) (i68:mg, : 1.0 eq)5and;chromitographing 
the. crude product (silica,;ji3%vitethaho^ the 
u ip title compound was preparedVas- a .-white; solid'/(132 mg, 79%) . 
HMR(CDCl3) S 7.20-6.76 (11H, m)., :n3 5i05}(lH> 5 brbm)^ 3.88 (1H, 
,. q), 3.61 , m),;3.19 (1H, m)> 2-. 80-2.46 <(5H, a) -,'12.22 (1H, m), 
: 2.07 (1H, m ),. 1.63 (1H, m) r 1.15 (lra^m)^ 0v89< (9H, s) , 
0.74 (6H, m), 0.08 (6H, '&) ;" MS m/e 719^4 -[M+H] + i- ' 5i 

e) ' <2R, 4S, 5S, l'S) -5- (t-butoxycarbonyl) aminb-4-hydrbxy-N- [1 *- 
isopropyl-1 ' - (4-isc^ropyicarbdnyliraidazol-2-yl) j methyl-6- 
phenyl-2-phenylmethyl-hexanamide 

Following the procedure of Example 27 (g) except using 

20 the compound of Example 31(d) - (132 mg) ; :theutitle ; compound 
was prepared as a white foam (90.-mg/;-j81%) . v ,jNMR(CDCl3) 5 7.48 
(1H, s), 7.11 (5H,m), 6.82 (5H, m),- 5,29 (lH>-d).,r4.46 (1H, 
m ), 3.54 (1H, q), 3.48 (1H; m), 3.14 <UlH,^ra); 2.74-2.44 (5H, 
.> .< .m)v • 1.-90 . (lH,-.m) / .1. 61 • (2H/<m).;-;1.2a . (9H^s)..«(rotaii»rs 
25 observed), 1.13 (6H; m), 0.69 (3H, d)y 0 .-:48 (3H, ,d) ; MS' m/e 
605.2 [M+H]+. 

: • •,• • • - • -{•• .2- ^ic^^m {••■ 

.... :.. = -:• •• Bvatnplft.gg.rl^i^.,.^^./^ • 

• ■ • ... ■ ' .! ', .'V i'.y<iO'°'-i\ f.-iA[>i ■ • * 

hyrirevy-TJ-M '-ifiopT-npyl-1 f4^ph<>ny1f!arhQrivr^lmtda7;Ql-2- 

v .... j. \. . ;• i * i-} *s . ;rlnn iozi VI' Xvrij v v .i;*V . . 

a) (is # l'l^)-l-carboben2ylo3cyamino-l^isoprop^ 
35 hydxoxy)^nzyliitiidazoi--2-yl) metHake^^^ « b^^r 

Following tbe procedure of £xan4>le. : 27 (c)(/r: except 
vi substituting pienylmagnesium bromide. '{0.45 imL;, 3 «0M ^solution, 
4.0 eq). for methyl magnesium bromide; f. arid; chromatographing 
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r r . the y crude . product (silica,. "3% methanol/dichloromethane) the 
■</-. u r - f . title cb^ound t was ; prepared as. a white solid (175 mg, 96%). 

NMR(CDC1 3 ) 8 7.26 (1H, d) , 7..11 (10H, m), 6.39 (^ dd) , 6.08 

..j (1H>^ m)r 2.01 (lH r 

5 :i m) r 0.76 (3H, m) 0,59 (3H, d) . ■ ;: , t „ 

(r,T . -ii :b) (IS, 1 !RS) -l-amino-;l-isopropyl-l- (4- (1* -hydroxy) benzyl- 
> r#l t ;,<;.indda2ol-2-yl) methane;, A:V. : 0. . , ;vr v-.* 

♦ : r \} CO Following the procedure'; of Example 27(d),> except using 
10 the compound of Example 29(a) (98 mg) the title compound was 
prepared as a tacky white foam (65 mg, 98%) . 

c) (2R,4S,5S,1 9 S, l^RSJ-S-Xt-butoxycarbonyDamino-^t- 
-! :-. * jbutyldimethylsiloxy-N- [1 f.-isopropyl-l (4- (1 • 

Ik: 15 ■.. hydroxy)_benzylimidazol-2-yl) ]methylr6-phenyl-2-phenylmethyl- 
hexan^mide . v ..;U. :\..;* . ;.v\J.. ( .v; ./,£...-..£.: 

Following the procedure of Example 27 (e) , except using 
- the con^punci of ;Example 29(b) (0.065 g, 1.1 eq) , and 
chromatographing the crude product (2% methanol/ , 
ij: 20 .r ^<U.ciiloromethane)fr the title ^compound was prepared as a white 
^ solid (109 mg, 55%}., KMR(CDCU) 8 7.48-6.79 (16H, m), 4.77 

(lH;im)>^3.88 (lH,"'m) , 3.61 (1H, m), 2.65. (4H, m), 2.39 (1H, 
:MB)!f - 2.15,r(lH, m) ~/ 'lv94 ,(1H, m) , 1.75 (1H/ m) , 1.56 (1H, m) , 
1.21 (9H, s) (rotamers observed), 0.86 (9H, ,s) , 0.68 (6H, 
25 dd)^ 0.07 (6H, s); MS m/e 755.4 [M+H] + . :: ; 

v.; d) • (2R, 4S, 5S, 1 'S) -5- (t-butoxycarbonyl) amino-4-t-butyl- 
o dimethylsiloxy-N-[l'-isopropyl-l , -(4rphenylc^bonylimid^ 
?• ?7yl) ] methyl- 6-phenyl-2-phenylmethyl-hexanamide 
pp.30.qi;-jtpj - £ Following the.; procedure; Example 27(f) , except ausing the 
frrl ( r comppund; of j Example j 29(c) r (109 mg, 1.0, eq), the title 
* 'compound? was I prepared.' as! a: white: solid (80 mg, 74%) v 

NMR(CDqi 3 ) 5 7-49-6.84; (17H, m) , 3.88 (1H, q) , 3.63 (1H, t) , 

ii; 03.2.87-2.49,, (6H,ia),'. 2.11. ;(2Hj :: m),r l.fiH <1H, ,m) , 1.11:') <9H/ a) 
<ir35i;.p.82. (9H,.s) , ;0.71 : (6H, dd), J0.06 , (6H r . d) : ;. MS m/e 753.4 t 
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" e) ^R^S/SSjl'SJ-S-Ct-buto^ 

isopropyl-1 ■ - (4-phenylcarbonylim^^ 

2-pkenylmethyl-liexanainide fc 
lu. Following ttie protie&ixe' ofr Exbs$1b 27\g)>^ except using 

5 the compound of Example '29(d) c (80" nigi* l.'tf eq) V :^tlie^tit£e ; 

compound was prepared as a white solid (45 mg , 74%) . 
: NMR(CDC1 3 ) 8 7.84-6.77 T(16H, : m)V ::4 ; 48 - (lri;-''d)' # -3 J59*(1H, m), 

3.42 (1H, m), 2.80-2.54 (5H, m) , 1.'99 ' (1H; m) y; 1*63' (2H, m) f 

1.26 (9H, s) (rotamers^ observed) 0i73i &R;-ii)V 0.59 (3H, d) ; 
10^ MS m/e 639.2 [M+H]+V^ r ' ' ri btnv.^ «* 

Example 3Q 

15 Tiyrtrftyy-W-n '-isoprn pyl-l «-f4^Fnrmy1 itH rta gol-S-vl) lTnPthvl-6- 
ph^nyl -^p hAnylm^by^h^vflnafflide .^;->n.T2<-- off 

'■■'■.* " " * ' •* . . . • 

a) (lSrl'RSJ-l-amino-l-i'sopYopy^^^ 

inddazol-2-yl) methane. ■>-■ • •■>nfcli S sv^.? .-jsorto ■ 

2b f Following the procedure of Example' 27 (d) ; e'kfcep^ using 

the confound of Example 27(a) (90 mg) , the titled coimaound 
; was prepared (SO mg, 100%). NMR(CDCl3) 8*6- 85 f;(lH;rs), 4.62 

(2H, s), 3.85 (1H, d, J-4 Hz) , ^^O-^OS.: (1H, : m) , 0V88. (6H, 

d;< 3*s Bz) - • ^ iiie) i 

b) (2R, 4S, 55,1*8) -5- (t-buto^carbonyl)amino-4-t-. 

• butyldimethylsiloxy-N- [1 Visopropyl-tf- (4'*i (hyaibxy) methyl- 
; isddaz'ol-2-yl)]methyl-6-phenyl-2^^ 

Following the prc«edurerof fe*ample ? -27^)->n except using 
30* the con^oxmd of Example 30(a) -(SOlm^^ 

the crude product- (silica,)' 2% ^•methanol/dichloroinettane) the 
title compound was prepared (130>mg;;y65%);;- ;NMR(CDCl3) 8 
r 7.30-6.'95 (ilH, m) , 4.82 (lH f c: d); ! -4."56-4.60 ( (it^mT^U.io 
*-(lH, d) , 3.90-4.00- (1H, m) ! , 3 *60-3.68': (1H}5 mi > • 2:45-2.80 (5H, 
35 m), 2.20-2.30- (lH r }m) f , ; 1.75-1.85 (1H> fit) ,11.66-1,70- f (lH/ in) , 
1.30 (9H, s), 0.95 (9H, s) , 0.75 (3H, d) , 0. 62 ; (i3H,^d) , 0.05 
(6H, d). 
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c) (2R,4S, SS^S);^-^*^^ 
* butyldiraethylsiloxy-N- [1 '-isopropyl-l f - (4-formylimidazoi-2- 
\n. yl) ] methyl- 1 6-phenylr2-phenylmethyl-hexanaaide r _ 
;i: r^: .j.;.RoUowJag #; tt using 

5 the compound of Example 30 (b) : (50 xag) , the title . compound was 
prepared (20 ag, 40%) . KMR(CDC1 3 ) 5 9.80(0.5H, s), 9.64 

(: (0.5H / s)v 7.5l0-6.90 (11H, :a) , 6 . 52-6 . 42 (1H, a), 4.88-4.70 
(2H /:V m)^-4.42-4.32;,(lH f a) , : 4.P2-3.93 (1H, a) ,3.78-3.71 (lH r 
a), >2.. 90-2. 40 V (5H, .m) f: 2.30r2.19 (1H, a), 1.87-1.62 (2H, a) , 
: o: ^^10 - ,1.45, ; (9H /tl s)> 0.95 . (9H, s), 0^.87-0.72 , (6H, a) , 0,05 (6H, a) 
(rotamers) . 

r_ . d) (2R, 4S, 5S, 1 f S) -5t ( trbutoxycarbonyl) aaino-4-hydroxy-N- [1 f - 
; ; >i <: isopropyl-l*-(4-formylimidazol-2-yl) ]methyl-6-phenyl-2- 
15 phenylmethyl-hexanamide ov.y. r... , « . J - 

• Following the procedure of- Example 27(g), except using 
- U\ the .compound.of Example 30(c) (20 mg) r the title compound was 
- ; C i prepared. .(12. mg f 71%) . NMR(CD30D) 5 9.60; (1H, s) , .-7.65 (1H, 
s)> 7.20-6.90 (10H # m); 4.52 (lH r d), 3^60 (1H, a), 3.45 (1H, 
rtl) 20: ; d),2. 80-2.45 (5H, a) , . 2;.00-1.88 (1H, a) , 1.75-1". 65 (1H, a), 
-•::(*.! ,(j!l.62 T i:45S(lH f fm) r 1.27;(9H / s) r 0.82: (3H, d) , . 0.62 (3H f d); 
. ;;MS*m/e 4 563.4> 242.2, 204.8;) v '.]•>.• 

. Example 31 

25 * " " >; 

; ; V: Preparation of (2R. 4S. SS, rl 'SWS-ffe-butoyyearbonyD amino-4- 
Jr . vhydrnvY^n '-isopropvl-1 «- f 4- fhydroxymefchyl) -*Tn*Hazol-2- 
yll 1me^hyl-€^ph^nyl-2^phetiylme1;hyl->heyanamldA 

jqx.ZQj x (o) iFollowing . the procedure of Example 27 (g) , ; except using 
the' compound of Example 30 (b) J (40 mg) i\ the title :compound was 
prepared : (20 ag) • v, NMR (CD3OD) 5 J. 27-6. 92 ^ (10H,; s) , 6.72 (1H, 

t;c s) V;;4.52 (1H,: d) ,v:3.64-3 .60 ( 1H # a) > 3.48( 1H, d) , 2.82-2.50 
(5H, a), 2.03-1.92 (1H, a) ,1.78-1.67 (1H, a), 1.63-1.49 (1H, 
35.* a)* ,1.28 - : (9H r s) 0.80 -<3H* d) , , 0.65 (3H, \d) ; MS a/e 565.4 . 
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-U ■' .•-^•-'■•^'...is^ninpl «£-3g: • 1 ■ 

...... ..,.) •••! • t.yy.:o si - •Xf-H-v , >jXi:-.tv i ^ i5:ii ' , ' Jl - J 

• Following the procedures'. 'of ' Example 14: (a) -14 ;(c), 
- : except using 4-hydroxytetrahyd^btlixopyran /in place Of 2- 

* benzyloxyettanolV' 'th¥ tit^e conpo 
ip Analytical data f ox the A intermediates^ of f this'synthesis' were: 

a) (tetrahydrothiopyran-4-yl) - (4-nitro) phenylcarbonate . 

... NMR(CDC1 3 ) 5 8:26 (1H, s) ; - 8;22 . (lH^s) 27,38 V(1H, vs), 7.33 
(1H, s), 4.79 (1H, m); 2.9b-2'.7Si5(2H,>ia)^2 , ,70-2i52 : (2H, m) , 
15 2.31-2.16 (2H, m) , 2.10-1.90 (2H^ m) ^ " r ^ S ' E ' 

b) (2R>4S,5S r l , S)-5-((tetrahydiothidpyran-4-yl)oxycarbonyl)- 

: andno^-hydroxy-N-a'-iso^^^ 

phenyl-2-phenylmethyl-hexanamide. ;■ KMR (CD3OD) : :5 1 ;7 .12—6 .65 

20.. (10H, m), 6.64 (2H, s) , 5^60 (lH>: d)'; r y4?36n2H, *n) ; 3.58 <1H, 
, q), 3.49 (1H, d), 2.68-2.48 (6H, ■-=■).-, 2.44r2.30 :{3H, m) , 1.93- 
1.74 (3H, ra), 1.70-1.40 <4H, m) , .0 . 61 : (3H, f d) , 0.50 (3H, d) . 



25 



F.yample 33 



Pr^paref ^ n »f f?B. 4 fi.'ifi:i «si-s-f (tfttrahvrtro-4H-Pvran-4- 

Y 1 1 ow^rhonyl 1 a ,Hnn-4-hvrtmxv-N-n '-1 ROPrPPY]— 1|-jTnidaZOl— 2" 



;.3 0 < Following the procedures of Example ■= 14 (a) -14 ( c) , except 

using ■ 4-hydroxytetrahydro- l 4H-pyran in place of ;2- sA f 
benzyloxyethanol, the title compound was pfeparied , .9" ; i 
; • Analytical data for the intermediates^bf: thl^' v synthesis were: 

35 a) (tetrahydro-4H-pyrah-4-yl)- (4-nitro) phenylcarbonate... 

NMR(CDCl 3 ) 6 8.32 (1H, s), 8.28 (1H, S) , 7.41 (lH/ s), 7.38 
(1H, s), 5.00 (1H, m), 4 . 05-2 . 90 (2H, m), 3.68-3.49 (2H, m) , 
2.17-2.00 (2H, m), 1.95-1.75 (2H, m) . 
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• i . b) (2R, 4S, SS /t l , S)-S-{(tetrahydro-4H-pyran-4-yl)oxycarbonyl)- 
amino-4-hydroxy-N- (1 ■ -isopropyl-l • -imidazol-2-yl) methyl-6- 

• phenyl-27phenylxnethy 1-hex^amide . . t . NMR (CD3OD) .5 7.16-6.89 

,S * r (10H# in) , 6.79 (2h/ s) , 4.54 (2H, m) , 3.82-3.70 (2H, m) , 

3.69-3.62. (lH f m) r : 3.50-3.46 (lH # m) r 3.45-3.35 <2H, m), 

^ ? 2. 79-2.65 (4H, m),, 2.64-2.45 (3H, m), 2.00 (1H, m) , 1.82-1.62 

13E^ m) ^^1^55rl JA5 (2R, 1.37 (1H, m) , 0.79 (3H, d), 0.63 

: i :(3H, d).. ; { .« —> it,!:' ... . 

• ' :-v FiXfffliplfl 34 . 

u :, Preparation - of (2R, 4S. 5S, 1 « S) -5- ( 4-plcolinyloyyt 

* hyrirovy-N-fl '-isopropyl-l '^m^azol^^yll m^f-hyl -6-ph fitly !1 
15 phenylmethyl -hftxanamide 

• * ; ) : - The compound of Example 1(d) was dissolved in neat TFA. 
r : After; 10 min the solution was > concentrated to provide the 

; - amine salt/v(2R f :4S, 5S, 1 'S) -5ramino-4-hydroxy-N- (1 '-isopropyl- 
20 1 1 -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl-hexanamide 
vr* trifluoroacetate. QThis .amine salt (25 mg, 1 eq) was 
!i-_;n dissolved;. in.. DMEV and r4-picolinium-(p-nitro) phenyl carbonate 
' -* prnitrophenylate (23 iftg r -l:eq) and triethylamine (0.04 mL, 5 
• ; mi .eq) i.were added. - The mixture; was stirred under :Ar for 17 h. 
* 25 (;'•• Water was added and. the mixture! was extracted with 
v. ;:-dichloromethane % ■ The;,organic extracts were concentrated and 

• : r the -residue was ^triturated with ether to yield, the title 
: r , 3 r compound. (20: mg,, 61%) ;,N^(CD3qD) 8 8.52 (2H, d), 7.10 (14H, 

m), 6.87 (2H, s) , 5.07 (2H # dd), 4.61 (1H, d) , 3.80 (1H, m) , 
30 1 .3.59. (1H, in) , 2.77 ,(5^ : m)> 2.05 (1H, m), 1'.83 (1H, m),. 1.60 

I - idH^ m) , 0.8,4.;.(3H r - d) r f 0..59 (3H, d) .v .;,:.••. : * 
MS m/e570.5v [M+H] + VL* . .iM> • * 
i ,{;,)„ s>.L.y "»x;-. .U .::;:f . .. ;.>*. I ■.;•»£:,.« 

,.u- ;Ai>:i:; : I ; ; -.t) b; * <v V Examplft 3S . ; , * ,* 

;35- r> ; - ^iivC- ;ux J ;i , ■■ ' :r' : : * -;■•'■•>:•" ■ ■ '*'■'• : - 

, Ij;: } . Preparation "of * f2R, 4S, 5S. 1 y S) -5- ( r^hwrnvynarhonyl 1 am^ 

. / , : hvdroyv-W-fl '-lsopropvl-1 < -imlda2ol^vl)Tnfirh y 1--fi--phAn y l^- 
f 4 . 4 . 4-fr-t f luorobut-l-yl^ hfiyananHrig . , , ; . 
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- a) (3R / 5S,l , S)-<l , -t^tttoxyca^onyi'a'mlnii^2 , Hphehyl')e 
(4,4,4H:rifluorobut-l-yl)H:etrafy 
' : To a solution of lithium r c^sbprbpy^ mL of a 

5 r 1.5M solution,- 2.2 eq) in tetrahy'drbfi&ah (10 mi#!was added 
I (5S, .i , s)-(l'-t^utd^caitonylamino i 2/^henyi)e1iyl- 
J- tetrahydrofuran-2-one (0.50 g;- 1.0 i; eq)*» f in anhydrous THF (2 
• mL) at -78°C. . After stirring -'for 15 mih iat (-78°C,V. 

hexamethtylphosphoramide (0.57 mL, 2.0 eq) was' added to the 
10 solution. The solution was stirred for several min and 
l,l,l-trifluoro-4-iodobutane (0.78 g, 2.0 eq) was added. 
. After 2 h at -78°C, the reaction mixture was quenched with a 
10% aqueous HC1 and extracted - with dichldromethane : The 
organic extracts were combined and evapbra'ted to a -clear oil. 
15 The oil was chromatographed (silica, 2% methanol/^* 

dichloromethane) to give the title compound as a white foam 
(0.248 g, 37%). NMR: . (CDC13) . 5:7.18 ,;(5H- S , m) , 4.57 (1H; d), 
4 . 41 (1H , dd) , 3 . 95 (1H , q) ; 2 .82:, (2H, Id) / 1 2 ; 551 (2H , m) , 
2.49-1.49 (7H , m), 1.32 (9H',s);MS,m/e 438.0 (M+Na)+. 

20 ' ••■ y, - ::.- t --L-u ^ -;V- . : 

b) (2R, 4S, 5S) -5- ( t-butoxycarbonyl) amino-4- t-butyldimethyl- 

siloxy-6-phenyl-2-(4,4,4-trifluorobut-l-yl)hexanoic acid 

Following the procedure of Example v 12(b) , except using 

the compound of Example 35 (a) ' (245 mg) ,.ithe:titlepcompound 
25 was prepared (215- mg^ 67%). NMR(CDC13)j;8 7.18 (5H/? m) 4.70 

(1H, d), 3.88 (1H/ q), 3.69 (2H, m) ^2;73' (lH^m)7i2.38 (1H, 
• m), 1.91 (2H, m), -1.45 '(6Hp m)V Iv31 *(9H,*sf: (rotators : 

observed), 0.90 (9V s)^ 0V08 (6H, d)T ^ We548.2 ; [M+H]+. 

I ■ - . . . ^ . .. 

30 c) (2R r 4S r 5Srl , S)"5-(t-butoxycarbohyl^anano-4-t 

dimethylsiloxy-N- (1 ■ -isopropyl-1 , -im£dazoi-2-yl) methyl-6- 
phenyl-2H4,4,4M:rifluorobut-l-yl)te 

Folowing the procedure of Example 1(c), except using the 
compound of Example 35(b) • (100 mg) and US) -l-imidazol-2-yl- 

35 . 2-methylpropylamine, the title confound was prepared (83 mg, 
68%) . NMR(CDC1 3 ) 5 7.22 (5H r m) , 7.03 «(1H> d) , 6.89 (2H, s) , 
4.72 (1H, d), 4.51 (IH/t)', 3.91 (1H, q) V 3.65 (lH r m), 2.78 
(2H, d), 2.33 (2H, m) ; 1.82 (4H, m)^ 1.48 (4H, m)V 1.36 (9ff, 
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two singlets; rot amers present), 0.99 (9H r s) , 0.91 (3H, d), 
0,79 (3H, d), 0.07, (6H,;;d); MS m/e669.4 [M+H]+. 

A trv d) ,(2R r 4S f 5S r ;l , S)-5-(trbutoavcarbonyl)aiaino-4-hyd^^ 
5 . : isopropyl-1 ! -imidazol-2-yl) methyl-6-phenyl-2- (4 , 4 , 4- 
v i tri£luorobut-l-yl)hexaaianiide» f,v ,j i. , ;> f .;?* 

Following the procedure of Example 9 (d) , except using 
< • theccompound ;of . Exaxnple ^ compound was 

, . prepared; (40 mg, 58%).. :.KMR(CD30D): 5 7.19. (5H r m), 6.92 (2H, 

■ ;j : ;10 I( . ^^U.IsI -CIhV d)/ 3.6f (1H, ,q>. # 3.48 (1H, m) , ; 2.79 (2H, m), 
: • : .2,.49.,(a^,j;m)^ 2..13,..<4H, .*),. 1.60 ; (5H, m), 1.36 (9H, s), 0.90 
. . ;(3H, d) 0.71 ;.(3H /; . d) ;,. MS m/e555.2 IM+H]+. . 

*: tt 4 : ; "i;*" 1 • i ' *■*<.• -f : tu r.-t » v* '..■*•; J 

if Lr :; • v Example 36 .r- . * 
15.!/.: u . . M."o; - 1--.L .-" --v* : :> 

to m Preparation of f2R. 4S. 55?. 1 «S) -2-phftnvlmethvl-4-hvri>oxv-S- f f:- 
bti^ovyrarhonyl^TnlTin^C-phenyl-W^fl '-isnhnf yl-1 ' - < imi 

y m. • yl ) )fflftthy1-hftxanamirift hyrironhlorlfte 

20 3- a) 2^(l t -c^boben2yloxyamino--l , -isobutyl)niethyl-:iinidazole : 
t *\y ... re Following; the procedure; of ♦ Example 1(a), except 

substituting Cbz-isoleucinal (1.83 g) for Cbz-^valinal, the 
title compound was prepared (0.658 g, 31%). NMR(CD&3) 5 
6.96 (2H, s), 5.31, (1H, d) , 4.48 (1H, dd) , 2.15 (1H, m) , 1.44 
25 (9H,vs), ;1.17^(2H, m),~> 0.92 (3H>,t) ,.0.82 (3H, d) ; MS; : : 
:^^:lJJ^9P^^3llJ^•2 5 ! ^ •2 [M+H]+. ^ ? .- ;U v- ; - : . ^y^x " 

. b) (2R,4S,5S,l , S)-2-phenylinethyl-4-hydroxy-5-(t- . . 
butoxycarbonyl) amino-6TPhenyl-:N- (1 '-isobutyl-l (imidazo-2- 
30 yl) )raethyl-hexanamide hydrochloride • • .-•-••v ? ■ *:< 
>~»u**cfe Following.* the* procedure r . of Example 1 (b)-l (d) , except 
substituting I t he .- compound of Example 36 (a) for- (l'S) -1 
yu. • v carbobenzyloxyamino-l'-isopropy 1-1 • - (imidazo-2-yl) methane, 
; o iVi thejLtitle;vCpmpound was prepared. : . NMR(DMSO-d6) 8 7.90 (lH,d) ,~ 

35 7r29r-7102' (10H, m) , 6.8» :(2H;s), 6.50. (lH,d) , 4.81 (lH,m) , 
4.55v(iH/. dd>v 3.56 (lH,m) , 2.69 (5H,m), 1.80 (lH,m) , 1.59 
; . (2H, m)> 1.30-:t(9H,s), 1.17; ;(2H,y m), 0.78 (3H, t) , 0. 63 (3H, 

d) ; MS :; (DCI/NH 3 ),.m/e 549.7 [M+H1 + . , v , r ry: ,- . - 
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■; P.va%»1ft 37' ,(!'.. ) fiC.ti 

• . p rfir , a rai-<ni> r?R.4S r *fi-i 'fil-swf-hutoxvcarhonvl )mn1no-4- 
4 W ^ a ^ni-?~Yi i itnAfrhv i~fi-p>iAnvi-?^hfiTivlmf>rhv1-hftxnnainide 

! . : "[he t-butyldanet±iylsilo^-pr6tected^alcohol -from Example 
30(e) (20 mg, 1.0 eq) 'was' : stirred in ' a^ydrotis^i^' under an 

10 argon atmosphere at room te^erature , . v-Tetrabutyl ammonium 
fluoride (0.33 mL of a 1.0M solution in ! THP/>6iO eq) was 
added and the solution' stirred for 16 'if. 3 The solution was 
diluted with water and extracted with dichlor omethane . The 
combined organic extracts were washed with water and 
15 evaporated to a white solid. The solid was covered with 

. :, diethyl ether and decanted twice to.givei the"i titled compound 
as. a white solid. (0.012-g, 72%) & NMR<CDCl 3 )v8 ,7v.22-6.84 
(10H, m) r 6.61 (1H, s); 5.42' (lH r d)V-4.69^(lH;'m)'; 4.41 <1H, 
d), 3.58 (1H, m), 3.45 (1H, m) , 2.78-2.40 (5H, m) , 1.91 (1H, 

'. 20 m), 1.59 (2H, m), 1.41 (3H, d) > 1.26: (9H / :. s)X:(rbtamers : 

observed),- 0.71^ (3H/ d) f 0.59 (3H,1d);iMS m/e 579.2 [M+H]+. 

• -. ' - . , :" :■? •;■ — ^ '■£> O: 3: Sziiu.: 

, ■ ■ • :> -■. , - - • ' V .• , F-vBinpiA- aa L>vt< v; * .'. - . . 
25 "^".Hnn »f r?».4S.ss.i 'fil-SWiyi^lmftthvl-2-^'; i': 

hyrtT^yvpth ovYoarhnnv1^Tn<nr^4-hvdT^w-T<F-f1 
< m< rta »ni -9 -yi i Tnofhvl -fi-phAn yi -.»-nhf>n vlmefhvl -hftxnnnmlde 
. i% - 2 jt. t-r-'s^' ^- { *^ - (S'T^l^W 1 *** r • ■' 

;:i a) 2-fc-butyldimethylsiloxy^l,l-dimetnylethyl-(4- V' 
30 nitrophenyl) carbonate' <■ '-y :?£;^ft/T : t 'J-,' "" 

, A mixture, containing > bis (4— nitrophenyl) carbonate 
(0 . 996 g, '. 3 . 28 mmol) * ^-t-butyldimethylsiloxy^l^l- ' 
dimethylethanol (0 .67 g,-l eq) :and ; 4-dimethylaminopyridine 
(0.4 g/ l 'eq)iin dichloromethane (SO nfc)" was*stirred at room 
35 temperature L for' 5 d. i" Thelmixture was 'diluted 'with" 
dichloromethane and washed successively - with H2O and 
saturated aqueous NaCl, .and dried over'NaaCOsU-s The solvent 
was removed in vacuo, and the 'residue was r purified by flash 
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chromatography t (silica, 20% ethyl acetate /hexanes) to afford 
the title confound (35%) • NMR(CDCl3) 5 8.25 (2H, m) , 7.35 

(211, a), 3.76 (2H, s) , 1.53 (6H,jt), 0.94 (9H, s) , 0.09 
(6H, s) . 

b) (2R, 4S, 5S f 1 \S) -5- (2-tHtjutyldimethylsiloxy-l f 1-dimethyl- 
ethoxycarbonyl) amino-4-t-butyldimethylsiloxy-N- (1 •-isopropyl- 
1 '-iJiddazol-2-yl) methyl-6-phenyl-2-phenyimethyl-hexanamide 
ij' i ; A , solution } of 2rt-butyldimethylsiloxy-l / 1-dimethyiethyl- 
.10^ 4-nitrophenyl carbonate, (137 v mg, ,0.372 mmol), f (2R / 4S / 5S # l , S)- 
5-amino-4-t-butyldimethylsiloxy-N- (1 f -isopropyl-l ■ -imidazol- 
2-yl)methyl-6-phenyl-2-phenylmethyl-hexanamide (102 mg, 0.186 
, . mmol) and DMAP (45 mg,, 0.372 ramol) in methylene choride was 
stirred :1 at....20.°C,^der.. Ar for .24 h. The solution was washed 
15; , with aqueous Na2C03, dried over solid Na2C(>3 and concentrated. 
r , a , Flash chromatogrraphy (4% methanol/dichloromethane) provided 
:,- the intermediate (2R r 4S,5S r l , S)-5-(2-t-butyldimethylsilo3Qr- 
. >1, 1-d i metfrylethoxycarbonyl) amino-4-t-butyldimethylsiloxy-N- 
r . i 1 1 -isppropyl-lj - ( 1- (2-t-butyldimethylsiloxy-l r 1- 

20 dimethylethoxycarbonyl).ii^da2ol-2-yl) methyl- 6-pheny 1-2- 

phenylmethyl-hexanamide, which was dissolved in ether, washed 
with 10% NaOH, dried over Na2C03, and concentrated to provide 
the title compound (110 mg, 78% overall). NMR(CDCl3> 5 7.37- 
.. <lv i;i -,6.7Q (i3Hr m)/ r ,6;3 ( 9 (1H,. d) /: 4.84 (lH,.d), 4.55 (1H, t), 3.96 
25 (lHr v ..q)>r.V/69 ; J(2H # . a) , ,Z.60j3.A2 (2H, m) , 2.94 (1H, s(br)), 
f 2.85-2.44 (4H/m)/2^39 .(lH^.q), 1.90-1.60 (2H,~m>, 1.31 (6H, 
d), 1.02-0.85 (18H, m) , 0.83 (6H, t), 0.98* (12H, m) . 

, Cf ( . c) (2R, 45,55,1' S) -5- {l r l-dimethyl-2-hydroxyetho3cy-- 

3 0 carbony 1 ) amino-4-hydroxy-N- (1 • -isopropyl-1 • -imidazol-2- 
t. , % j : yl)methyl76-phenyl-2-phenylmethyl-hexanamide ^, ^ 
CM , ^ u.-jr o A niixture. .containing the compound.of Example 38(b). (110 
j ^ ^ rog)^ and . tetra^n— butylammonium fluoride (6 eq of 1M solution 
I* x t*? im^X under an argon . atmosphere was allowed to stir at room 

35 i-- t-^P 6 ?^?. 3 : 6 : : < ^f n i9^*•:■r I * l ®l. JS0 ? Lut ^ 0, * was diluted, with 
. |V . dichloromethane, and washed with water, and the organic layer 
: , r was . concentrated. The residue, was purified by flash 

chromatography (4% methanol/dichloromethane) to' afford the 
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title compound (0'.*05 ' g/ ' 66%) '.; ; Kt£ftl& :: CQittf ^8 7.30-6.78 
(12H, m> , 4.42' (1H, ' d) ,* 3.75^38 ^uS''.^, *-!l£&.S0 <5H, m) , 

: 2.08 {1H, m>; i:70-i.56 (2H, mj , 1:30 <6H, 's?, ^90-0.55 (6H, 

. i s '. '. *« * 

dd) . 

5 ' . .. ..... >/•. .'. V ' 

-Exanclft_32. • • *' 

A 1M solution of HC1 in ether °*( 163 75 mL) was added to a 
solution of the compound of Example 38(c) (35 mg? 0.064 ramol) 
in methanol (5 mL) . ' She solvent was ; reanovedf' by ^rotary 

15 evaporation at 20°C, and the solid residue was 'triturated 
with ether and dried to afford the title compound as the 
hydrochloride salt (35 mg/ -95%);. NMR(CD 3 OD) 8 7;37-6.85 
(12H, m) f 4.56 (1H, d), 3.59 (1H, m) r r ? 3.48-3.33 (3H, m), 
2.85-2.48 {6H, in), 2.04 (1H, septet) > 1^72-1 .49 <2H, m), 1.22 

•0 : (6H, d), 0.88(3H, d), 0.61 '(3H/''dd)T'--^ : V ^ ' '* 

Example 40 ■ 

- P h»n yl on yl m*»*-h v'l hf»yanmni(1e \ K ' Itl>? 

a) ben2yloxyethyl-(4-nitro)phenylcarbonate 

' To a solution of 2-benzyid^etiahbi (2*5" g, 1*6.4 mraol) 
30 and bis (4-nitrophenyl) carbonate (5.0 g r 1 eq) in 

dichloromethane (200 mL) / N^e^iyinto^hbllne ;i (ll8l : raL, 1 eq) 
' was added. The resulting sdxtiufe't^ stir at room 

:i temperature for 3 d; r The' ? react^ 

successively with HiO strid saturated -aqueibus NaCl and dried - : 
35 1 over Na2S04. * The solvent was reeved 'in' vacuo/ 'and the 
residue was purified by" flash chromatb^aphy' (silica, 20% 
ethyl acetate/hexanes) to afford th'e*t:itle confound (4.38 g, 
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<" : - : 84%) \ ^WUiaaxa& f« XBi* a»» fffi, m), 4.62 (2H r a), 

4.49 (2Hc m " " 

5 Inili'liTliii I HafiTliil T TP~ Irnprnryl 1" ffT r ' ■' 

benzylQqa^jaB^Liii1ii:^1JiBdjdazdSra^1Jw i 1iyl-6-phenyl-2- 

''liiil jil'il te i f ll B l ii fTIT h i j'Ti TV Innpi npjl *l~ imfflflnVnl " yllmrtTvjrl 
10 e-phrajj^j-site 0.24 mmol) in 

:l> ''benzyl^ mg, 2 eq) and 4- 

&r * dijnethylanli^ wese added. The 

? result log ^^d -x tur e^^as Mlowrf to stir 4ft xoom temperature 
15 r^rrnl jht^f ™^ iH?~f iHrtfluiWiM Vhane . : The organic 

; extract Nias wasted \SMtt»±vei^ Na2C03r H2O, 

' > v - aqueous-JtoiaCDj «od S£Qr ^BDfl <±n±ed over #gjr03 « The solvent 
was 1 1 iimiwT fn sacDQr'jBd *te «nes purified by flash 

chroma tcgs^lQf {slUca, a netTianol /WjtWttromethane) to 
20 afford tfcft *3ftle iooapo iad '(180 ng> H2*J. KMR(CDCl3) 8 7.45- 
6.80 <^^, €.62 & 9 5.*0 OH, *l# 5.06 <1H, d), 4.60 
' (2H;-8)/^S2 'ili' 4^S0 : |28r ^Sl^^lH, V,~4.07 <2H, 

2.85 (lH r m) , 

^i;??-^^*^ 1 *^ l^m Wv 'l r -«0 T»k m) , 1.73' (1H, m) , 

25 0.95 (9H, tkJBCL {Br 40), O.ll tSQr 

f .y*'-:-.:*ivi:r t }•-.■,■.: : H+~~ I -\ 5 : '. 

c) (2R, 4S, 5Srl *S) -5- 1? Itfrfl i i i j i ll HW j iMi Ui^y l) amino-4- t-butyl- 
'" dirathy^ la^ -l Willi 1 * fcau zyloxyethoxy- 

r-:^-W£. » ca rbonylj4wW^ 
30' hexanamide 

The ooBffin&^Wte was 

l j i r«i VViiiTiintii Vii Wiiain'irnn dri^'mii /rim (io mg) 

under " f «W^1^t^^^^ ^ Cl 3»c ^datatt^vas 1 filtered, the 
rici 3 p 'V ili'/i Slim iYiwi i ;jTfljrt ' TTh C » ■ il imi'rti il nrnmr tTnnr 1 to 

" " i rr i l fiMi^T ■^■n i tii m* ^ *mr(cdci3> 5 7.36- 
v • ' 6,72- isaaZ\k^&5B3 «b; 4», 4.eo as, dd), 4.50-4.32 (2h, 
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• m), 4.07-3.52 (5H, m) , 2,96-2.32 ,;(6Hy : ia) : ^ly98-l : .;85 (2H, ra), 
0.95 (9H, s), 0.90-0.75 (6H, dd> j 0.05 (6H, ^ , 

d) (2R r 4S,5S r l , S)-5-(2-hydroxyethpxYca2*onyl) 4 ^ 
5 N-a'-isopropyl-l'-ind^ - 
phenylmethyl-hexanamide n .»\ n • ■• i*u o< . xGr-ir^^ois T 

To a solution of the compound .of .of .Example 40(c) 
in methanol, excess aqueous, HC1 (approx.,;^ ^equiv. ) was added. 
The resulting solution was. stiixecLat ^oom tc^^rature 
10 overnight , and concentrated:. under, reduced.^ The 
residue , was diluted with H20, and^made^basic, with aqueous 
NazCCk. The mixture was extracted with ( dichloromethane, and • 
the combined organic extracts were dried, oyer Na2_C03. The 
v. solvent was removed in vaCTO /; .and f t^ by 
15 flash chromatography to afford, the title co^ound. ^ 
. NMR(CD30D) 8 7.28-6.85 (12H,. r 4 .55 ^im r -d)\ ~3 .95 :/ <lH, m), 
3.73-3.40 (4H, m) 2.86 T 2.47 (5H ri mV, 1.9^(3^, ^)^^1.71 (1H, 
m), 1.22 <1H, m), 0.84 (3H, y dU £.62 } (3H rb d) % .,^. ; ft? 7 

20/ ? . : . Krfimplft 41.... ;i ; > .^ ;i =i^u c; 

r -t mi'ria gol-9-yl 1 mM-h y 1 -S-pJi*>ny1 vl m^.thvl^hftxanamide 

a) 2-t-butyldimethylsilo3^-l-methylethyi- (4-nitrophenyl) - 

carbonate ■»;./?'. -\: . i ; : i , : ;£ . w££ v. t vj 

A mixture containing ^bis (47nitrophenyl) caxbonate 

" (3^ 20 g/ 10.5 romoU,- 2-t-buty^ 

30 (2.0 g, 10.5 ramol) and 4-dimethylaminopyridULne .fr. ( 30, g, Ci l 0.5 
mmol) in dichloromethane (200 . mL) r was stirred, at room 
tenperature for 5 d. f The mlxture^.was .toeh 
dichloromethane and. washed successively with H2O and. 
saturated aqueous NaCl and.. dried oyer^ 
35 was. removed in vacuo, and the residue t; was purified by flash 
chromatography (silica, -10% .ethyl., acetate/hexane).. ^to, afford^ * 
the title compound (88%). , NMR(CDCl3>, 5 8.28..(2H, m) , 7.39 
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; r <2H, m), -4.98 ■ <1H, m) , 3.75. <2H, d) , 1.38 <3H, s) , 0.92 (9H, 

;-b) (2R, 4S, 5S r 1 • S) -5- (2-*t-butyldimethylsiloxy-l-methyl- 
5 ethoxycarbonyl) amino-4- t-butyldimethylsiloxy-N- (1 • -isopropyl- 
1 * -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl-hexanamide 
•» ; ,V;.Eollowing- the . procedure of Example 38 (b) , except 
substituting the compound of Example * 4 (a) . for 2-t- 
,^ ? I; butyldlmethylsiloxy-l # lr;dimethylethyl-4-nitrophenyl 

$ .10 -rCarbonate,_the. title .compound was prepared. NMR(CDCl3> 8 
V r. 7.40-^7.00 (10H/m) f 6.90 <l/2H,-s), 6.72 (l/2H,,s), 6.45 <1H, 

n- ^dd), 4.92: (lH f dd)y 4.84-4.61 (2H, m) , 4.10 (1H,<,&), 3.76 
brw> (1H, m), 3. 58;<lH,*m), 2.92-2.73 :(3H, m),_2. 70-2.45 (3H, m) , • 
: /. '1.78 (2H, m),; 1.22-1.08 (3H, m), 1.04-0.81 (24H, m), 0.17- 
15* ^0.09 (12H, m) . 

ar* ■ ; C )^- (2R,4S, 5S, l f S)-5-( (lRS)-l-methyl-2-hydroxyethoxycarbonyl)- 
\ ;amino-4-hydroxy-N- (1 '-isopropyl-l , -imidazol-2-yl)methyl-6- 
:> phenyl-2-phenylmethyl-hexanamide <- *■ 

20 Following the procedure of Example 38 (c) , except using 

the compound of Example 4 (b) , the -title compound is prepared. 
T -NMR(CD 3 OD)l 8,7.15-6.68. ^ .(12H r : ; m). /;; 5.72-5. 60 <1H, dd), 4.58 

- a ~,\;(1H, m)y 4.38 (IH/.ddy/t^.Oe.vdH, m) # 3.62 (1H,: m), 3.41 (1H, 
■ W /vr /m),; 2.79-2:55 <5H, ?m)y 2.49 (1H, dd) , 1.92 /<1H, m), 1.67 <1H, 
25 m) , 1.08-0.98 (3H, dd) , 0.69 <3H, dd) , 0.58 (3H, dd) . 

;iJ- J : Pr^araHon nf /?H. 4S. SS« 1 f S1 -5- f 2-hvrirOXV-l - v 
3;<30 , ryfflopftnf!y1nvYr!arb nnyl) amino-4-hvdroxv-N- f 1 r -i sonroovl-1 
r- . H daar»l >^>y 1 > met hyl -fi-ph^nyl -g-phf*ny1 m^thvlhexanamide 

r oa):J (trans)-2- (t-butyldimethysiloxy)-cyclopentanoi ' l* 
ubrs- i yrt? To-a^ndxture of t-butyldimethylsilyl chloride (5.08 g f 
35 33. 7 mmol) - and) imidazole (2 . 30 g, 33 .7 mmol) v in DMF (10: mL) # 
4o a?,; a' solution: of - trans-l#27cyclopentanediol- in DMF (4 mL) was 
added. The reaction mixture was stirred overnight; at 25°C. 
The reaction mixture* was diluted with ice water and extracted 
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• 1 with ether. The ether? extract wasSwashed?,with water and 

brine, dried over magnesium sulfate; ?filtfered. and: the solvent 
removed in vacuo. The residue was purified by flash 
chromatography: (silica; 9:1 hexane:ethyir?acetate) ito the 
•' S •■ title compound as ah' oil ; (3.44- gyU9%)^.n6d.i^v^:ca:i:.- 2 
.,;•..:<;.- n - ..- ■■• ; • ;•«•; •-; - : ,ti: < . i < - bazt&ir X-' Z 

b) ( (trans) -2- <t-butyldin»ethysiloxy) -cyclopentylj - (4- 
nitrophenyl) carbonate ; ^.ir- cv: . e tv *&tosfcre<fe«i : 

Mo absolution of the • compoundiof .,Exampleb42 (a): (1.08 g, 
io - 5 mmol) and DMAP (0.611 g, 3'a^?Jjferd£aUrtAMfelitfM 'tl2; 

• mL), bis (4-nitrophenyl) carbonate , (l-.S2- g; 5Cmntol)-.was added. 
The solution was st irred overnight i at x25°C;* The ..reaction 
mixture was diliited~with dichloromethane r . (15. mL) / and washed 
with water and. brine. - The 'organic "extract ,was dried over 

15 magnesium sulfate, filtered, and the solvent was "removed at 
reduced pressure. The residue was triturated with 

... . hexane rethyl acetate (1: 1) and filtered.^ The. -f iltrate was 
evaporated to an oil and purified by flash chromatography 
(silica, 9:1 hexane : ethyl acetate) & to' yield ; the title 

20 compound as an oil (1.75 g, .92%) . = r-.' ^oxv «s 

c) 5- ( (trans ) ^-t-butyldimethyrsiloxy-cyclopentylbxy- 
carbonyl) al^lino-4-t-butyldilnethysiloxy-N-.[l. , -isopropyl-1 ' - (1- 
(2-t-butyldimethysiloxy-cyclopentyloxycarbonyl)) lmidazol-2- 

25 yl]methyl-6^henyl-2-phenylmelAyl-hexanamide 0. -. ., . « 

A solution of 5-amino-4-t-butyldimethylsiioxy ; -N-[l'- 
isopropyl-1 « -inidazol-2-yl] methyl-6-phenyl-2-phenylmethyl- 
hexanamide (171 mg, 0.311 imaol), : Dl^' (76. ; l mg; 0.623 mmol) 
and the compound of .Example. 42 (b)* (2381 mg;:.' 0: 623 . mmol) in 
30 ^dichloromethane (9 mL):cwasvsti^ vine 
. reaction mixture was. aJ.lutedtwitJivdich^ 
with water and saturated sodium bicarbonate solution, and; 
dried with magnesium, sulfate,. :i>The -organic : extract- was 
■•:' ^-.filtered and the solvent wasixemoved; in: vaeno^ The residue 
35 was purified. by. flash chromatography, (silica, s4:l. v. m 
; hexanerethyl .acetate) tolyield.the .title .compound as an oil 
.. -.(150 mg,. 47%) . : . . noh-^~~-Z: : v . ; _ 
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; • 4) ;5- (.(trans) -2-hydrqxy-cyclopentyloxycarbonyl)amino-4- 
9 j. • ihydroxy-N-Il'-isopropyl-lV-^ 
i:. : phenylmethyl-hex^amide ; ^ , % > - ; < 

To a solution of the compound of Example 42(c) (150 rag, 
* . 5 ; 0.1,45,,^ (5 mL).,-3N HC1 (3 mL) was added. The 

-r,.i/ solution, was stirred ^overnight at 25°C. , The methanol was 
r . ; v, .>.; t - evaporated -in vacuo, and the residue was diluted with water 
and extracted with ether. The aqueous solution. was 
neutralized.iwith 5% sodium , carbonate ;(~pH 7) and a solid 
-/vrlO {precipitated. 1 The solid*, was filtered, washed with water and 
-.1 - < , (." -dried in vacuo' to yield the title compound (51.5 mg, 63%). 
0C;r ,NMR.(CD30P; 400 MHz)i;8}7.0-7..3. (m, 10H) , 6.87 (s, 2H) , 4.63 

0 (m, 2H) f : 3.88;(m r ' lH),r3.55 (d, ;1H), 2.5-2.9 m, 5B), 1.4-2.1 
x.i: r (br, 9H)> 0.88 >.(d f 3H)>: 0.71 : (d, 3H) ; TLC Rf 0.27 (silica, 8% 
, . 15 methanol/chloroform) r •*>. • 

br .i-^-i-.-cu-.a d:r:^o Example 43 sk.v : Vi- 

-»I >. . VO . Preparation of f2R, 45. 5fi. 1 'S^S-f 4-hyriroxyhn tanoy:n 
20 hvdroxv-N-fl '-isopromrl-l '-jTnjrtaro1^ y l>Tnefhy1-6-phf>n y l-?- 
phenylfflfthylliftxanaTnirig 

a) t-butyldimethylsilyl 4- (t-butyldimethylsiloxy) rbutanoate 
To a suspension of t-butyldimethylsilyl chloride (29.9 
25 i vgr igSO'mmoWlcinrdry^DME (20 mL) / .4-hydroxybutyric acid,*: 
A8.S. , sodium isalt ^(5.0 ■ g/x< 397 mmol). and imidazole (27.0?g, 0.397 

mol)^were:added. r vv.The reaction mixture was stirred overnight 
csu- f>. ati.25°C. The solvent was removed under reduced pressure and 
: :the 'residue: ;was* diluted with" lOl^aquedus citric acid (200 
;30 • mL) 1 . ■ The: residue *:was -extracted with 'ether/ The ether * * " 
/,y. Jo solution wasjdriedv with, magnesium sulfate,:; filtered and 
: -i evaporated: to : yield* the. title compound as an oil. : 

VI.::. i{b) 4-t-butyldimethylsiloxy-butanoic acid , i 
' 0J 35 "zi :x. ' , { A; solutioni of <,tAe^cbmpound of; Example :43 (a) (5 . 0 g) . was 
^dissolved; iniacetic*iacid:tetrahydrofuran: water (2:2:1, 50 mL) 

solution and stirred for 2.5 h. . The solution -was diluted 
. with water and extracted with* ether. The ether solution was 
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dried with magnesium sulfate, filtered arid e^pdrated to an 
oil. The oil was purified by fla^ 

hexane-ethyl acetate, 9:1) . to -yield ^^tifcle^c^tStod as an 
oil (180 mg). lv^ / 

c) (2R, 4S, SS, l f S) -5- (4-t-butyldikethyisilb^but:ah6yl) amino- 
• 4-hydroxy-N-(l , -isopropyl-l , -iitddazbl-2^ 

phenylmethylhexanamide ^ * . ^ ^ d i*J^rj**: kx* 
A solution of : (2R r *4S # SS f 'l , S).-5-aiBind^-t:- 
10 1;.: butyldimethylsiloxy-N- {1 f -isbpiix^yl-17-lM^ 

6-phenyl-2-phenylmethyl-hexariamide ^(ITSVing^'^b^Sl^imiioi) r; 
butyldimettylsUoxy«butanbic.acid;t84' mg)' O^tfrarol), BOP 
reagent (148, 0.335 mmol) triethylaminett (46,|IL> 0;335 mmol) 
: and dichloromethane (4 mL) were stirred » at 20°C under Ar for 
15 24 h. The reaction mixture was. diluted with ^dichloromethane, 
washed with aqueous Na2C03f water Wd^b^e/'^^Oried^ovix' 
solid magnesium sulfate; The organic phase was filtered, and 
concentrated in vacuo. The residue was purified by flash 
chromatography (silica; 2% -methanoiychldrofbrn) -to ^provide 
.20 the title compound. ; v : >Wrj'4p.r4te^a^iJrt 

d) (2R, 4S, 5S, 1 1 S) -5- (4-hydroxybutanoyl) amino-4-hydroxy-N- (1 l - 
, ■> isopropyl-l'-iitddazol^-yl}^ ' 

*<l) phenylmethylhexanamide;' - -3 5o nCftWiZyxviz £ 
25 V * Asolution of the- confound of Exai^lev43:(crf;(177 mg> 

0.236 mmol) and tetra-n-butylammonimD fluoride; (2.84. mL, 2.84 
.mmol, Hi solution in , THF ) was ^stirred hinder • anv argon < 
atmosphere at room tenperature overnight^ was 
: j . t diluted with ethyl acetate,: ,washed„With ^saturated sodium 
30 bicarbonate solution, and water, i and tie^organic layer was 
. concentrated. .The residue wasl^^dipitafcWd>ff^ 
acetate solution to afford the , title icon?>ound;^v.m!R S (CD3OD, . 
400 MHz) 7.0-7.3 (m, 10H) , 6.86 '{s, 2fi) , -4 • 62 ' (d, 1H) 1 , "4 »05 
(m, 1H), 3.43 (t, 2H), 2.55-2.96 ;{m^4H)^2;60 (m 1 , 1H), 2.17 
35 (m; 2H); 2.05 (m,lH), 1.76 Cn^*-iH>''? ^ 1^67^ (i^ 2H) , 1.55 (m, 

1H), .88. (d, 3H), .72 (d^ 3H) ; : TI^ Rf *0.40 : (isilica,-? 10% 
-. r methanol/chlorof orm) . C . c •..?;:< i2 . btiz 'or 
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Example 44 

- ; . ; Preparation of f2R. 4S. 5S, 1 «S)-2-ohenylffiefchy1-4-hydroyy-S- 

(benzvloxvcarbonvll valVlamino-6^henvl-N- f 1 '-iR obutyl-l 
5 imidazo-2-yll methyl-hexan amide , , r 

* - : \ * (a) (2R, 4S, 5S, 1 9 S) -2-pheiiylmethyl-4-butylo^jaethylsiloxy-5- 
; -vG-vi (benzyloxycarbonyl) valylamino-6-phenyl-N- (1 '-isobutyl-l *- 

(imidazo-2-yl) Jmethyl-hexanamide.- • ' 
'10 A solution of :carbobenzyloxy-(L) -valine (50.4 rag, 0.20 

oniir ymmol) f . the product' oftExample 13(a) -(110 mg, 0.20 mmol), BOP 
1: i reagent (88.7 mg, 0.20 mmol) and triethylaraine (28 |il, 0.20 
v; - -j : inraol):vin methylene chloride (4 mL) was stirred at 25°C for 4 
:: d., The reaction mixture was diluted with methylene chloride, 
15 . washed with saturated sodium bicarbonate and the organic 
•tj , layer was concentrated. The product was purified by flash 

j : ; chromatography (silica gel/ 4% CH2CI2/ MeOH) to give the 
. \ : : title- comppmid (104.. mg, 67%) .. . . „ : 

/il.20, (b) (2R,4S,5S, l , S)-2-phenylmethyl-4-hydroxy-5- - 
nt :> (benzyloxycarbonyl-valyl) ami no-6-phenyl-N- ( 1 ' -isobutyl-1 1 - 
imidazo-2-yl)methyl-hexanamide. ; 

To a solution of the compound of Example 44(a) (104 mg, 
0.133 mmol)' inMeOH (8 mL), 3N flCl (2 mL) was added. The 
25 r solution' was stirred' for 16hrs at 25°C. The methanol was 
removed at reduced pressure and* 10% sodium carbonate was 
• V • ) added to-pH ~7.5. * Ether (10 mL) was added and the solid 
i - bbr product was filtered and dried in vacuo to provide the title 
- £ lf compound (58 mg, 65%) . NMR(CDCl3) 8 0.62 ^ (d, 3H), 0.78 (d, 

i o.30I. ! 3H), 0.82 (d, 3H), 0.90 (d,3H), 1.62 (m, 2H), 1.96 (m, 1H) , 
_ vriT 2.06 (m,vlH), 2.55 (m, 1H), 2.77 (m, 4H), 3.38 (s; 1H) , 3.53 

o;to ;(m,MH), 3.91 :(M,1H), ,3.99 (m, 1H), 4.47 (d, lH),i5.11 (s, . 
. <^V> 2H) , 5.78 (d, clH) ,> 6.85 (s, 2H) , 6.92-7.34 (m, 15H) ; 

Oi.L MS m/e 667 [M+H] + .-) ftK - . 

. , :.;35-, \ .7. y i r . \ y. • . «. s ,. : -y\ ' ..' . 

.:.) , .0; -v..> .* .* • : * v .. .... > 
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...... Example 45 - 

5 yl ltA^A^4fc ^ 

(a) (2R,4S r 5S / l , S)-2-phenylmethyl-4-t-But:yld^ 
(N-acetyl-valyl> amino-6-pheriyl-N- (1 , -lsobutyl-l , -imidazo-2- 
yl)methyl-hexanamide ' r < (X-'-.-S- .vxiij- ^ 

10 To a solution of N-acetyl-(L)-valine; (40*;3 mg, 0,253 

mmol) in dry THF (8 mL) at -40°C was .added rfc-methylmorpholine 
: (55.7 pi, 0.506 mmol) followed by isobutyl;chloroformate 
(33.5 III, 0.253 mmol) • . The reaction mixture Jwias stirred for 
15 min, and the compound of Example 13(b) s(139: mg, 0.253 

15 mmol) in THF (3 mL) was added. The reaction mixture was 
- t allowed. to warm to room temperature and .stirred for: 2 d. The 
reaction was diluted with ethyl acetate ,yand- washed 1 with 
water and brine. The organic solution was. dried with sodium 
sulfate, filtered and the solvent removed under reduced 

20 pressure . The residue was purified by flash, chromatogr aphy 
(silica, 4% methanol/chloroform) to give the product as an 
oil (47 mg, 27%). 0- ■ . i l ■ 

(b) (2R,4S,5S,l , S)-2-phenylmethyl-4-hydroxy-5-(N- < ; 
25 acetylvalyl)amino-6^henyl-N-(l f HLsobut^^ 

yl)methyl-hexanamide. -, ■/:«*.v : x ::s ^ • 
. ^ To a solution of the compound of Li5xaiipli^;45(a):^i'47 mg, 

0.0681 mmol) in methanol (3 mL), 3N HC1 (0.5 mL) was added. 

The reaction was stirred for 16:h at 25 C C; The ^methanol was 
30 removed under, reduced pressure :arid the solution was rdiluted 

with water and neutralized with,. 5%. sodium /carbonate; The 
. solid product was filtered/ washed iwith 'water 'atod "either, . and 

dried in vacuo to yield the title compound (29^5 mg," (75%) . 

NMR (CD3OD) 5 0*70 (d, 3H), 0t88 (m, ; 9H)>: 1.57 dm> 1H) , 1.70 
35 (m, IE), 1.92 (s, 3H), 2.05 (m, 1H) , 2.55 (q, 1H), 2.77 :(m, 

4H), 3.57 (d, 1H), 4.03 (m, 2H) , 4.60 (d, 1H),. 6.87 (s, 2H) , 

6.95-6.20 (m, 10H) ; MS m/e 575 [M+HJ+. 
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;* . -zsr-l V. : i .-r-r-r-:- > Example 46 •; 

*< r - Preparati on of f2R. 4S- 5S- 1 'S^S- f f imidazol-2- 

. ; ; y1 \ m ^hvlQ vyrarhQnYl1aititnn-4-hvdrQxv-N- (1 '-isopropvl-l 
5 ' , Ami Hazol-^-yll methy l -6^henvl-2-phenvlmethvl-hexanamide 

,«« . J a) 1 (1- (benzyloxymethyl) imidazol-2-yl) methyl- (4- 
:0.0 Vv r nitrophenyl) carbonate: ■ ic.u x v r , ; . 

*? .v:-:-*:- . i ..".i-a mixture of bis (4-nitrophenyl) carbonate; (lr 
10 benzyloxymethyl) imidazol-2-yl) methanol and 4- 

• i [ dimethylami^opyridine was ^reacted according ^o: the procedure 

.! n of 1 Example' 14(a) to afford the -title compound (58%) . 

NMR(CDCl3 f 400 MHz) 8 8.18 (d, 2 H, J«8.38 Hz), 7.44-7.23 (m, 
v-lll . r.7H)V T.ll.-is f VXZ)V' 7.13:- (s,' lH)v 5.48 (s, 2H) f 5.44 (s, 2H) , 
^ 15 "4.49 (s^2H)V - ' ' «■ - ^ • ' ' ' * ? 

. ^ - :ic : ^ i J > - • 

: ^ b) (2R;4s;5S,l , S)-5-((l-benzylo^etAyl)"iiaidazol-2-- 
. m I. yi) methyloxycarbonyl) amino-4- t-butyldimethylsiloxy-N- ( 1 1 - 
*; : - isopropyl-l , -imldazol-2-yl)methyl-6-phenyl-2-phenylmethyl- 

. " 20 hexanamidel ~*v-k- :» * ' • : ; . ^i- _ i 3f 

o » . ;ij i? . > A - mjjcture-'bf^the coimpound* of *Exainple ^ 46(a) ; i:; ■ 
l i u;: ..i«> ;:-(2R,4Sy5S,l , S)>5-aiaino-4-hy^ 

r ;3 v t C 12-yl) methyl- 6-phenyl-2-phenylmet±yl-hexaiiamide f r and 4- 

: 'dimethylaminopyridine was- reacted according to the procedure 
25 of Example 14(b) to afford the ^ title ^compound (32%). ? 

NMR(CDC1 3 ) .8 7.50-6.60 (m, 19H) , 5.25 (m, 2H) , 5.11 (d, 2H r 

J-11.03 Hz), 4.68 (mV 1H)V4.39 (m, 2H) , 3.97 (m, 1H) , 3.67 
(m, 1H), 2.88 (m r 1H), 2.72-2.28 (m, 6H), 1.85 (m, 1H) r 1.60 
■ M f ; v^..-:(m;* • 1H) ;< 1 0 1-92-0 ;*81 } " (m, 15H) , : 0.80 (s, 3H) , 0.06 (s, 3H) ; 
.^.v:30 MS(ES^^e : 793k[M+H]*.^ >■;' * - ; i x : - 

c) (2R f 4S f 5S, l l S)-5-(imidazoyl-2-yl- 
methyloxycarbonyl)*amiho-r4-t-butyldimethylsiloxy-N- (1 f - 
isbpropyl-1 * -imidazol-2-yl) methyl- 6-pheny 1-2-phenylmethy 1- 

-1) 35J: * hexanamide-ou ^ii.vn:-r[ : ' : o.^'xi^ - — 

- The ^compound -of 'Exainple '46(b)' (58 mg, 0.073 mmol) / 

rir : • > methanol v (3 : , mL)v and- 10% Pd -on carbon (50 'mg) : Were : combined 
)r n v and istirredi under T atm' of' H2 for 24 h. Additional catalyst 
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(50 mg) was added and. stirring under. H2. was continued for 8 
h. The reaction was filtered through Celite®, concentrated 
and flash chromatographed (silicapsfiepr gradient; : 0-8% 
" : X MeOH/CH2Cl2) to yield: the title vconpotm 

5 NMR(CDC1 3 ) 5 7.29-6^83.v(m # : 14H) ;^5^05;/(d^lH^J^11.2 Hz), 

4.91 -(d, 1H,- J-11.2 Hz),4.71 (m, 1H), 3.92 ; (m, 1H) , 3.61 (m, 
1H) f 3.02 (m, !lH) , 2.81-2;54 ; (m, >.4H) ^i2y36; (m/ 1H) , 1.93 (m, 
IH), 1.59 (m, lH), 0.91 (d, 3H/ ^7 vi;^^ 

(d, 3H, J-7.1 Hz), 0.84-0.05 :(m, 6H) ; MS (ES) ;m/e 673 [M+H] + . 

d) , (2R, 4S, 5S, 1 'S)-5- (imidazol-2-yl-methyloxycarbonyl) amino-4- 
hydroxy-N- (1 ■ -isopropyl i -l, , -imidazol-2-:yl) methyl-6-phenyl-2- 
phenylmethyl-hexanamide: ft. s« <> : 'si:M' 00 K vcXOC:^^-: . 

The confound of Example 46(c): (24 4 mg,i 0.035. inmoL) , 95% 
15 aqueous EtOH (0.50 mL) , and concentrated- aqueous. HC1 (0.050 
mL) were stirred at 23°C for 24 h; The solution was diluted 
.with H2O (5 mL) washed with EtOAc andr then* the aqueous phase 
v was made basic by addition of soUd ;K2C03.r i Ertrartion with 
: 75, . EtOAc, concentration of .the ori^ic extract and j itrituration 
20 with CH2CI2 afforded the title compound (14 j.mg,v,72%) . ciNMR 
(CDCI3) 5 7.33-6.85 (m,j l4H), 5.11 (&,y lH,j >*10.1BHz), 4.96 
i . (d, IH, J«10.8 Hz), 4.47 (m, IH), 3.72.: (m, 1H), .3.38 (m r 1H), 
2.81 (m, 4H), 2.59 (m, 1H), 2.07 (m/ ,1H) ;s i:i2 ■! (mi, £1H)", 1.62 
f * (m, 1H), 0.78 (d, 3H, J«6.63 Hz) , 0.67 o (d, ; :3H^ J-6.63 Hz); 
25 (m, 6H); MS(ES) m/e,559 [M+H] + . ^rc* .u :J T ' <!* 

Vt ...... ;,.v; . ... ^-.v 

. Example 47 # ( \ >o. -r % 

:u: Propagation of 12*. 4S. 5S. 1 'S. 1 W RS) -5- f f 1>- ( Jffl1rtft7:Ol-2-Vl)-2 w - 
30 ynfithyl^p r npyloxycarbonvl) amino-4-hvriroxv-N- 1 1 '-iSQPrOPVl-l 
j midagol-9-yll tnethyl-6-phen yl-^ 

* o; :, ' c ■ i ' ■ .£2 .SS, O 

- a) (lRS)-l-( (l-benzylo3^etiyliiaidazolr2-yl)r2-i> ;i 
methyl) propyl- (4-nitrophenylJcaxbonate* ^ 1 I<-Iyq<y-ao: * 
35 A mixture of bis(4-nitrophenyl)carbonate/3i (1RS)-Ie( (1- 

benzyloxymethylimidazol-2-yl).-2-methyl)propanol and 4- 
dimethylaminopyridine was reacted according, to ..the procedure 
of . Example 14(a) to afford thehtitle ■ confound;: (61%) . NMR 
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-r. (CD CI 3) 5 8.18 (d, :2H, J-8.31 Hz), 7.38-7.21 (m, IE), 7.13 
(s, 1H),\ 6.94 (s, 1H), A S.74 :(d, 1H, J-ll.l Hz) , 5.47 (d, iH, 
- t ; ; J-lO^iHz), 5.28 (d, IH, J-10.2 Hz) , 4 . 53 (d, 5 1H, J»11.3 Hz), 
4.,4r (d/: 1H,_>J-11.3 Hz), 2.64 (m,, IH) , .1.18 (d, 3H, J«6.02 
5 Hz), 0.87 (d, 3H, J-6.02 Hz); MS(ES) m/e 426 [M+HJ+. 

; b); I (2R, 4S, 5S, VS/1 W RS) -5r ( (l"r ( 1-benzy loxymethyliroidazol-2- 
- . : ,y* ^yl)-2 w -methyl-propyl)oxycarbonyl)amino--4-t- i 
. :.butyldimethylsiloxy^N- (1 '-isopropyl-l »- (1- (l n - (1- 
10 benzyloxymethylimidazol-2-yl)-2 w - 
V * j ' 3 methylpropyl ) oxycarbonyl) imidazol-2-yl) methyl-6-phenyl-2- 

^ phenylmethylrbexanamider 
; iiyj; :o if .-f.'.v a* mixture of -the compound of Example 47(a) (145. xng, 0.33 
^- ^- --m^ (75.9 mg, 0.14 mmol), 4- 

v r 15 -dimethylaminopyridine (41 rag, 0.33 mmol) and DMF (0.5 mL) was 
. * 'i ; stirred under argon for' 18 h. The DMF was evaporated in 

vacuo and the residue was combined with 10% aq K2CO3 (10 mL) 
and extracted with EtOAc. The combined extracts were washed 
with saturated aq NaHC03, dried (K2CO3), filtered and . 
20 concentrated in vacuo. The residue was flash chromatographed 
^.-.o^-.i.Xsilicarl.step.rgradient^^.O-jll MeOH/CH2Cl2) to afford the title 
(.compound (96.1 .mg;- 57%).. NMR (CDCI3) 5 7.38-6.78 (m, 26H), 
5.67 (mf lH) r t.5.61-5.00 (mi ;6H)> 4.58-4.27 (m f , 5H) ,.. 3.97-3.61 
Jim, 3H), 2.78-2.10 (ra; 8H), 1.95-1.51 (m, 2H) , 1..10-0.55 (m, 
25 27H), r 0.50-0.05 (ra, 6H) . . ■:. :.-} 

•■■x .. C )r: (2R,4S,5S,1'S, l B RS)-5-[(l i, -(l-benzyldxymethyl- 
imidazol-2fy 1) -2 ^methyl-propyl) oxycarbonyl] amino-4-hydroxy- 
*. '^n— (1 "-isopropyl^l '-imidazol-2-yl) methyl- 6-phenyl-2- 
• -t 30^ .phenylmethyl-hexanamide : i r : : 

&\-t b.A solution of the compound of * Example 47(b) ^(81 rag, 0.07 
f.o : - ;mmol) , CH3OH (0.75 mL) ,- and 3N, aqueous HC1 (0.25 mL) was 
,:• c tL< ;■ stirred 'at; 23°C ; f or 20 h . . The. reaction mixture was . diluted 

1 with H20 • ( 10 mL),s and washed w£th- EtOAc (3 x 15mL) . Solid 
h 535:f tK2C03; was added to give a. basic solution (pH>12) ,> which was 
extracted with EtOAc. The extract s were dried (K2CO3), 
hn filtered, 'concentrated and; flash chromatographed : (silica, 
; i , step gradient, ; 0-8% CH3OH/CH2CI2) to give* the title compound 
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(34.9 mg, 65%) . % NMR (CDC1 3 ) 8 7-.43-6i.79 (m, . ?H)V 5.87, 
' 5.66 (2d, 1H, J-10.66, 10.85 Hz); 5.28 /(m/' 2H)^ 4. -68 (m, 1H), 
4.42 (m, 2H) , •3.71 •'(«# '1H)> l.S8-'W;toV< - 2^fc.M' («,. 6H), 
- - 2.11 (m, 1H), 1.75, 1.51 ; (2m, 2H)> 1V05, 0.97 (2d,. *H, 
5 J-6.32,6.45), 0.68 (m, 9'^ 'i^V^*- ^'i**n S 

. . .. d) (2R,.4S, SS,1-* 8 ' 1-RS) -5-ltl"-timid*?ol-2-yl)*-2«- • 
methyl) propyloxycarbbnyl) amino-4-hydroxy-N- (1 '-isbpropyl-l •- 
imidazol-2-yl)methyl-6-phenyl-2-phehy^ 
10 A mixture of the compotmd'of Exaxaple 47(c) .'(34 mg; 

0.047 mmol)-, CH3OH (4 mL), andnl0%:.Pd/C( (34- mg) , iwas stirred 
under H2 (1 atm) for 26 h. The} suspension; was r filtered 
. :. through Celite®, concentrated, : and "triturated swith CH2CI2 to 
, i yield the title compound (4, mg, 14%). •. : ; NMRj (CDCI3/CD3OD) 6 
i 15 7.7.32-6.71 (m, 14H) , 5.38 (m, IE) , r 4.55 (m,ilH) /«3s72 :(m, 

1H), 3.55 (m, 1H), 2.78 (m, 4H) , 2.55 (m,;.lH), :2.15r. (m, 2H), 
1.60 (m, 2H), 1.03-0.61 (m, 12H) . At 

F rfr .«H m nf f? P ,Afi.«;fi.Tsws-rf-hntoinrrarhnnYlVmnlTio-4- 
y i i ittw^vi -R-nhenyi -^-phftnvimftthvl-hftynnninlde ■ > ■ 

25 (a) (i , S)-l , -(carbobenzyloxy)amino-l , -isopropyl-l!-(4- 
(imidazol-2-yl) imidazol-2-yl) methane 

Cbz- (L) -valinal (0.45- g, 1.'4 mmol) <was stirred in 
anhydrous methanol at 0°C. under! argon.- f.Glyoxal (40% in 
water) (0.22 mL, 1 . 4 mmol) and. amnbniumvhydroxide i (29% NH3) 

30 (0.88 mL, 14 mmol) were added and the: mixture ;«as allowed to 
stir at 0°C for 1 h. The cooling bath was removed and the 
solution stirred at . room temperature for \X6.&. , Thevmethanol 
.was . evaporated in vacuo: and -the residue' was ; diluted .with 5% 
aqueous HC1. After extracting with: dichlbromethahe> the 

35 aqueous layer was made basics with solid sodium: carbonate and 
extracted with dichloromethane . The : 'combined organic 
..extracts were dried over sodium carbonate; > filtered^ - and 
evaporated to a solid, which was chromatographed (silica, 4% 
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methanol/dichlorpmethane) to give the title compound (0.216 
g, 43%)' as a. white solid. NMR. (CDCI3) 5 7,. 15 (6H„s(br)), 

6.88 (2H, s), 6.30 (1H, d) , . 4 . 89 , (2H, dd) , 4.52 (1H, t) , 2.05 
(1H, m), 0.73 (3H, d), '0.62 (3H, d) . MS m/e 340.2 [M+H] + 

5 : * " : * ""■""'•?.:•■ . -:" ~- * * 

(b) (2R, 4S, 5S, 1 • S) -5- (t-butoxycarbonyl) amino-4 -hydroxy-N- 
I ^1 '-isopropyl-l \t{4- (iMdazpl;-2-yl) imidazol-2-yl) Jmethyl-6- 
.... ; .: v < j>henylT2^henyliiiethyl^ ; 

The jcompound ;pf ; ^ample :; 48.(a) (6 . 13 gm. ) was, dissolved 
10 in anhydrous methanol with 10% Pd on activated carbon (0.02 
( Hydrogen .gas was*, bubbled through the solution: via 

balloon for 1 h and the solution was stirred overnight under 
- , . a hydrogen "atmosirtiere. The mixture was filtered through a 

: pad. of Celite® and .evaporated to yield I'-amino-l'-isopropyl- 
15 ,..;_[ 4- (inddazpl-2ryl)imida2€>l-2-yl] methane as a white solid 

< 3, ;.(0.13,g r f 100%);. : - • V ( \ l *'\ ) ■ ^ Ar<*h 

%r:i This compound was ; combined with the compound of Example 

f /: : ».13(a). (0.334 g, 0.63 mmol), BOP reagent (0.28 g, 0.63 mmol) f 

: _and triethylamine t . (0.13 mL, .0.945. mmol) ; in;DMF. (1 mL) and 
20 allowed to^stir under Ar*for:3 d... v The DMF was^ evaporated in 
; : : . 7 y vacuo ; and a the . residue . was .diluted with dichloromethane. The 
: C . solution; iwas: washed with water and brine. The ; organic layer 

was dried over; sodium: carbonate, filtered, and evaporated to 

yield (2R, 4S, 5S, 1 1 S) -5- (t-butoxycarbonyl) amino-4-t- 
25 butyldimethysiloxy-N- [1 '-isopropyl-l (4- (imidazol-2- 

. y 1 ) imidazol-2-yl) methyl- 6-phenyl-2-phenylmethy 1 : hexanamide as 

A portion of the solid (0.100 g, - 0.14 -mmol) was stirred- 
, ^ , in THF, at rpom ten^pera-ture^ under . argon . Tetrabutylammonium 
-.30 . . fluoride,- (0,84 3 raL f 0.84 mmol)- was added. and the mixture was 
,;; V! . allowed to stir for 16 h. The solution was diluted with 
c . water and extracted, twice with dichloromethane. : The "combined 
organic extracts,- were washed; with water and evaporated to an 
; ■ oily, residue . yj: The residue : . wa» dissolved in THF and several 
35, (J .drops of : diethyl ; , f ether 5 were - added until a white* precipitate 
; . formed . : :■ The precipitate x was collected by filtration: and 
..dried .in, vacup.to. yield the title -compound as a white solid 
(76 mg, 90%) . : NMR JCD3OD) 5 7.37-6.84 (13H, a), 4.61 (1H, 
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d), 3.69 (2H, m), 3.54 (lH, : dj, 2:B4^^[(^^ ?'2.Q$ (1H, 
m) ; 1'.83 (2H, m) , ' 1.57 (OH, m) , i.30 ; " "c'9H^ ^ slf , l v J>'^7 * .C3H,.- d) # 
0.69 (3H, d); MS m/e 601.2' [M+H]+ : "— v ' (a * K "' " ■ 
. • .; > . * . ib' 4 .?x s f'f.C \0 

, '■■ r.,. ^- f" f r-»; .>ii*V '■- ' ■ • 

P-rgparaHnn raRl4S;S8»T'SV^r<H fhvdro^etHvl)- ■ 
Tn^hnvyrarbon-yl 1 ^ino^4-hvdroxv-TT^ 

a) di {t-butyldimethylsiloxyaethyl) methyi-X4-nitrophenyl) 
, carbonate ■ « " ' ^ 

A mixture containing bis (4-hltrbphenyl)' 'c&bbnate (1.89 
g, 6.21 imnol)/ di (t-butyldiiaethylsiiox^ethyi) metlianbl (2.00 
15 g, 1 eq) and 4-dimethylaminbpyridine (757- "mg/ i r eig[) in ci 

dichloromethane (100 mL) was stirred at^room tentperatxire for 
2 di The mixture was diluted with 'dichlorbmefeiiane and washed 
with saturated aqueous Na2C03, brine, Sand Bried ovet Na2S04. 
The solvent was removed* in vacuo, 3?-andMSeY2^ - 
20 purified by flash chromatography* (silica, ? -10 % v ethyl rfi C:: 
. ; acetate/hexanes) to afford the titT^ c6n^ound ,N (75%) . v NMR 
,: ; .(CDC1 3 ) 8 8.29 (2H, m),. 7.37 (2H, m)/i 3,96 (1H/ m)', '3.85 

; (2H, d), 3.82 (2H, d) , 0.89 ? (18H;^s^ 

. . . ■ i- - ■; ,v.: 

25 b) * (2R / 4S / 5S / l'Sy-5-(di(t- v v v% ^ ^: '\u:.^y*-* fir 
butyldimethylsiloxymethyl) methyloxycaxbbh^ 

butyldimethylsiloxy-N- (1 '-isopropyl-1 , -ii£L^2bl-2-yl)Wthyl- 

.» r^e-phenyl^^henylmethyl-hexa^amidiE? ' > '** 

m , ojf; A solution of % d± (t-butyldlme^ 4- 

30 i: - nitrophenyl carbonate (475 mg, ti . 914* mmol) / tKe ; 'compound 'of 

* ; Example 13(a)* (178 mg/- 0.325 mmol) aCnd dimethylaihiipjpyridine 

: (119 mg, 0.974 mmol)' in methyltm^<^^ 

under Ar for 24 h. The solution was v washed ^ with; aqueous 

* - ■ » - t ■ 

*v Na2C03, dried over solid NaaCOi- and concentrated- in' viabuo. 

35 l Flash chromatography (silica'; 4% methanbl/dichlbrotaetliane) of 
the residue provided the intermediate" (2R, 4S; 5S, 1 , 8) -5- (di (t- 

... : butyldiraethylsiloxymethyl) mctehylbxyc^bdf^ 

butyldimethylsiloxy-N-a'-isopropyi-J^- J 
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butyldimethylsilpxymethyl) methyloxycarbonyl) imidazol-2- 
yl) methyl- 6-phenyl-2-phenylmethyl-hexanamide, which was- 
: . dissolved in_ether ft washed with ; 10% ( NaOH r r dried over Na2C03, 

- -rJ :.^4.*poncMtrate4^^ the . title compound. (197 *&g f 71%), 

5 NMR (CDCI3) .8 r 7 v ^ <1H, 

'w*K *s), •5.09.:-(lH / -d) :f v.'.4;78 .-(lH # 'cbd)> 4.08 (1H, m) , 3.89-3.50 
5 y ^ ; (7H, m) 3 ;. 00-2 .80 t ( 4H r m) ,> 2 . 65 { 1H, m) ,2.55- (2H, : m) , - 1 . 90 
•:: . r (lH; :, m)7^1.-78t (1H, Mil) , 1.10-0.85 (33H, m) ,; 0;20-0.06 (18H, 

m)->i ivi .> ; -o.*- .: ? >.. ; . 1 

; <; . c) t (2R, 4S, 5S, 1 • S)r5r (di (hydroxymethyl) methoxycarbonyl) amino- 
4-hydroxy-N- (1 '-isopropyl-l , -imidazol-2-yl) methyl- 6-pheny 1-2- 
phenylmethyl-hexanamide 

A mixture containing, the confound of Example 49(b) (50 
15 mg) and ethereal HC1 (4 eq) was allowed to stir in fi . 
methanol: water. (9:1) . at room temperature overnight* The - 
: r. solvent was ^removed, in vacuo, and the residue was diluted 
a' with ethyl acetate and washed with saturated aqueous Na2C03. 
The. product was purified by flash chromatography (silica, 4% 
20 methanol/dichloromethane) - to r afford the title compound '/ 
-ri . - ,(29 mg, ( 94%) . UMR (CD3OD) 8 7.20-6.80 (10H, m) , 6.71 (2H, 

S)/-4.50>(1H, d), f 3.90 (lH,m), 3;65-3.34 (5H, m) , 2.82-2.45 
(6H, m), 1.99 (1H, m) r 1.74 (1H, m) , 1.52 (1H, m) , 0.78 (3H, 
w * d), 0.60 (3H, d) . : ;= l 

. :2S . ■ } - - . -* / . v r 

.i # - : y, -. ' Example 50 . : , 

". T " ;\: V • .v r.v •■ — " - : V:.-.. 

'j a Preparation of f2R,4fi,Sfi,1 \5)-SHl-~oxo-thian-4-s . 

- vl) oyyearhftnyll amino-4-hydroyy-N- fl '-ifiopropyl-1 '-itnidagnl-2- 

:..3Q - j yl) mfithyl-6-phCTyl-2^henyl^ ; 
5 ijiivV. ->,; o Reacting *the- compound of .Example 32 (by (81:mg, .133mmol) 
«).r> • f. witK m-chloro perbenzoic acid (23 mg r 0.133mmol)in CH2CI2 
y ; ... yielded the ^title ; compound. NMR (CD3OD) 5 7.20-6.85 (10H # 
.\\f X m); .{6-78 -;(2H; ^ s)^ '4.51 ,(1H, d)., 3.66 (lR f m) r 5.42(lH f m) # 
vV : 35 iu 2.95-2.41: (9H/? m)/ 2.32-2.01 (2H f . m) r 1.99-1.63 (4H # m)/ 

v l-.60rl.41 ;(2H, : m)>hl 0.78 (3H f d)r r 0.60 (3H f d) ; MS We 595.2 
[M+HJ + . ,h ) :.L. . J?, ,: ; t, : .0 .: -j . . ; * - _ 
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Prora ^i-<oT 1 j a*^9p:4s.ss.t>sv-5-( ftfttrahvdro^iiIff>nYlPYran-4- 
.. y T^yy^r ^ Y^^^n^-hvdfnxv^w-n '-I'sjcfPirapVl -1 '-lTn1f1azol-2- 

. .. Reacting the compound !of '-Example .50 > '(31 '.wig,. ~4 9.2|imol) • 
^ , ; with m-chloro perbenzoic acid= (10 mgVi 59.2: pistol), liri methylene 

• . chloride yielded the. title' confound.? i; t NMR j(CD30D) ,)5> 7.20-6.85 

(10H, m), 6.76 (2H, s), 4.48 (1H, d), 3.68 (1H, m)V !; 3.44(lH, 
10 m) , 2.96-2.42 (9H, m) , 2 .32-2 .04 (2H, ro) , 1 . 97-1 . 62 (4H, m) , 

• 1.61-1.43 (2H, m), 0.79 (3H/ d)V 0.60 (3H, d") ,v MS m/e 611.2 

: Example 52 ' * 

. < I . : « ' • - , 

? r» v *-ral-1nT> f9W.4S.SS,T.SW5-f1.1-d1tnftt:hYl-2-Tr' u- 
p^l-nw ^ nvy^T-honYT * »n.-tnr>-4-hvrtroxv-N- H '-1 SOTVrOPVl -T~ 

<m<ri a goi-?-YT ^nlA^^hv ^ -fi-^^^nv^-?^henvllne^hv^-h , ftxanamide 
. . ;. . ; . .... : .:£•-. '.n'. T'; :: iT . 

20' . (a) . (2R, 4S, 5S, l'S)-5- (l,l-dimethyl-2- ^ u\ J . 

hydroxyethoxycarbbnyl) amino-4- ( t<*ufcyldimethyisilyi) oxy-N- 
. - (it-isopropyl-l'-iinidazol^-ylJntethyl-S^henyl^-- 
• - phenylmethyl-hexanamide " ^ 5 ' 4 *?«r- .• 

The confound of Example 38(b) (223 mg, 0.221 mmol) was 
25 dissolved in 10% aqueous methanol and combined with 1M HC1 in 
ether (0.221 mL, 1 eg) at room temperature. After completion 
of the reaction the solvents were removed in vacuo. The 
residue was dissolved in dichfo^ 
.-> '•, aqueous saturated Ha2C03. ^The. organicVlayer.was '•• concentrated 
30 and the residue was purified by f la^chroma f tdgraph r y: (silica, 

. 4% methanol/dichloromethane)' to provide 'the title compound 
11- .! (138 mg, 94%). NMR (CDCI3) .5 .7.38-6.81 ,f(XZay>i$#4?$3 + A.6S 
J V. (iH, d, rotamers),'-4.8l+ AA& H1Z,' t/ : Tcfcan&xsY?kJt5 + 4.08 
: (lH,d # rotamers), 3.90 (lH,q)\ 3'..72 (2H„ m)>, 3.50+3'.38 (1H; 
35 d, rotamers); 2.98-2.48 (5H, m)>.:2.35 (1H/ m),. 1.98.:(lH^Cm) , 
i.79 (1H, m) / 1.60 < (1H, m)V 1.30 <(3h> s)7- 1.29 (3H,s) ,1.09 
-0.85 (15H, m), 0.79* (3H, d) , 0.11 (6H, . m) . , ii? j 
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(b) (2R f 4S / 5S # l'S)-5-(l r l- : dljaethyl--2--: . : • • 

nriacetoxyethoxycarbonyl) amino-4-hydroxy-N- (1 •-isopropyl-l 
yi Iiirddazol-2-yl)~methyl-6^henyl-2-^^ 

,1:") •*{?.. -The. confound:* of ^ Example 52(a) (103 jng, 0.155 xamol) was * 
,H5 stirred with acetic anhydride (30 mg, 0.309 mmol). and DMAP 

l (40 mg f 0.309 mmol) 1 in methylene chloride at room temperature 
*<".-t - under argon overnight* , .The solvent was removed in vacuo and 
the residue was, flash choraatagraphed (silica, 4% 
methanol/dichloromethane).:. . 
10 The resulting 4-t-butyldimethylsiloxy intermediate (105 

. mg/ 0.140 mmol) was.stirred in methanol: water (9:1) with 1M 
v HC1 in ether- (0.14 mL,. 1 eq) . The solvents were removed in 
i y.- j ..vacuo, ; the ^residue was: diluted with dichloromethane, and the 

solution was washed with aqueous Na2C03. The organic layer 
r 15'. was concentrated and the residue was purified by flashy 
i.j- ■ chromatography: (silica, 5% methanol/dichloromethane) to 
ffj -r provide. the £itle ; compound; (82 mg,. 91%) . NMR (CD3OD) 8 7.29— 
x 6.90 : (10H, m)/-6.81. .(2H r s), .4.51 (1H, d), 4.05 (2H, s), 
\' r 3.59(1H; m);^3.42* (lH,- m), 2.80-2.45 (5H, m), 2.00 (1H, m) , 
20^.1:98 (3H^s), 1.72 (1H, m), 1.50 (1H, m), 1.34 (6H, d)-/ 0.81 
ni (3H, d)>-0.60 (3H, d) . • r - • 

x , i - r.\ .1 >■?. i . : ■ "; . * .;v ■ ■ r 

. i r : Example 53 

25 PrftpawH-.io n nf ( 9*. 4S- SS. 1 'S> -5- (71 . 1 -dimethyl -2- (hftnzvloxv- 
narhftnylyl yryloyv) ethoxvrarhonvl ) afflino~4-hvriroxv-N- f 1 
* gryrepyl- 1 «-4fflidagol-2-vl1 methyl -6^hftnvl-2^henvl methyl- . 
h^TiflTn^riA hyrirnffhloHrfft salt ' 

30 a) (2R,4S,5S,l , S)-5-((l,l-dimethyl-2- * 
carbobenzyloxyglycyloxy) ethoxycarbonyl) amino-4- (t- 
butyldimethylsilylbxy) — N— (1 • -isopropyl-1 ■ -imidazol-2- 
• v ° {iyl)yethyl-6^i>henyl-2^henylmethyl'-hexanamide • * • 

The 'compound ■ of "Example" 52 (a) : (100 ' mg, 0 . 151* mmol) was 
35 reacted with 2-chloro-l-methyl^-pyridium iodide (92 mg, 0.36 
:jsw i mmol), ■^DMAP ; i (75 -mg, J0.60 mmol) and Cbz-glycine (63 mg, 0.30 
mmol) in methylene chloride.; (5 mL) ■ under argon at reflux for 
v.3. h.' , Solvent sr. were » removed Mn vacuo :and the product was 
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purified by flash,- chromatagraphy ; {s£Uca>'->.4%^. V • (« > 
t me tdianol/dichlorOTethane)flto^providet : thectiitlecc (95 
; mg, 73%) . HMR (CDCI3) -5 :1.41-f j7lM(17H^m) ,:c6.-62 f .:(lH, -bs) , 
• - 6.00 (lH,m), 5.20 (1H, m) /^5.15 - (2H>«ys)i?ic4.83^+ 4.55 (1H, d, 
5 rotamers), 4.65+.;-4.48 (lH,lt,k rotamers) f i;4v81-.+a4.'38 <lH,q, 
, . rotamers) , 4.03 (lH,q),v.4.02. (2H,.<jdb* 3-£85+3 n 6a .(2H, d, 
rotamers) , 2.85-2.48 (5H, . m), .2.38 .<(!£,, m)*r.l.90:>(lH, m) , 
1.55 (1H, m), 1.38 (3h, s)>. 1.29 (3H,s),, :0;90o(9H/:m) , 0.85 
(3H, d), 0.70 (3H, d) , 0.11' (6H£ n):*e-!>to bUoiifcfliw 

:u b) (2R f 4S r 5S r l f S)-5-((l,l-diineth.yl-2-; v?" 

^ , (benzyloxyc»rbonyl)etAoxycarbcmyl)aiid^^ *' 

isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
:& hexanamide hydrochloride salt >:*J.js> ' v.oi:UiX«>a 
15 The compound. of Example 53(a) . (12 mg> : .-0.014 mmol) 2was 

stirred in methanol: water .(9:i)^.with "lMlHCl^i (2; eqj .in ether 
<■> overnight. The solvents were removed' in vacuo> tovgive' the 
, title compound . (8 mg, 73%) . NMR(CD3'OD) {.5 7.35^ (2H,s) , 7.31- 

6.85 (15H,.m), 5.00 (2H, s),.4.59 (1H, d) j4 . 15i ;(1H,£ d, 
20 rotamers), 4.65+ 4.48 (1H, t, rotamers) , x 4.81:+} 4 ;38i (2H, dd) , 

3.80 (2H,d), 3.59 (1H, m), 3.40 £<1H, *d) VS2:; 85-^2'. 48>:(5E£; m) , 

2.00 (1H, m), 1.60 (1H, m) , 1.55 (1H, m)> 1.31 (3h, s), 1.29 

(3H,s), 0.91 (3H, d), 0.60 (3H, d), 

25 _. : • ■■ . Kxaninlft 54 u,: ^^^kxcz&v;. -. s 

•* • .\ .■ ^> r^v-t Y'* :-- ^ 

g-fynyl nvyl p>f hev y na-rhftnvl VnmJnn-4-hvrtroyv-N- (1 r -1 isnnrOPVl-l 
j -9-yl 1 tn^hyl-fi ^h Any! ^^hPTivlmft^hvl-hftyanaTnide 

30 H^yri^orhlnWrift salt J ^--^ :t ;~ 

a) (2R,4S r 5S,l f S)-5-(l f l-dimethyl-2- j L . f_v 

glycyloxyethoxycarbonyl) andno-4;- (t-butyldimethylsilxDoxy-N- 
(1 , -isopropyl-l '-imidazolT^-yl) methyl-6-pkenyl-2- 
35 phenylmetliyl-hexanaialde . ; \ - o- »!.. ii j- 1 « ^ ;.f. 

The compound of -Example * S3 (a) ; ; (58 »mg f ; :,OS78ramol) r was 
stirred in methanol with 10% Pd/C (50.. mgK under l atra 
hydrogen overnight. ; The reaction mixture* was filtered 
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through Celite® and. the solvents were removed In vacuo to. 
yield the title compound (48 mg, 98%). NMR(CD30D) 5 7.32-7.02 
. - :J10H, .m)/6.99 / (2H/is) / 4.68 <1H, d), 4. 40-4. 28 (2H, dd) , 3.81 

(2H, d), 3.80-3.67. (2H,*m), 2.90-2.49 (5H, m), 2.15 (1H, m) , 
5 1.97 (IE/ m), 1.48: (1H, m) ;, 1.40 (3H, s),~1.39 (3H,s),. 1.15 
' (3H, d), 0.95(9H, s) r 0.70 (3H, d), 0.11 (6H, d) . 

b) (2R, 4S f 5S, 1 «S) -5- ( (1 , l-dimethyl-2-glycyloxy) ethoxy- 
carbonyl) amino-4-hydroxy-N- (1 • -isopropyl-1 * -imidazol-2- 
, 10 yl)methyl-6-phenyl-2-phenylmethyl-hexanamide dlhydrochloride 
• salt ** 

The compound of Example 54(a) (43.5 mg, 0.060 mmol) was 
stirred in methanol: water * (9:1) with 1M HC1 in ether (0:12 
mL, 2 eq) for 2 d. The solvents were removed in vacuo and 
15 the product was trituated with ether :methanol (20:1) to yield 
' the title compound (40. mg, 98%). HMR(CQ30D) 5 .7.35 (2H, s), 
7.30-6.92 (10H, m), 4.60 (1H, d), 4.25 (2H, dd) , 3.75 (2H, 
d)., 3.59 (1H, m)>3.49 (1H, m), 2.90-2.51 (6H, m), 2.10 (1H, 
= ; ra), 1.65^ (1H, m), 1.54* (1H, m), 1.30 (6H, s), 0.90 (3H, d), 
20 0.60 (3H; d) . 

Example 55 

P^paT-a+^nn 4fi. Sfi. 1 «fi> -5- 1 1 1 . l-dimethyl-?- 

25 hydroxy! ^ hftvyrarhftnyl^ amino^-hydroxy-N- ( 1 '-isooropvl-l (4- 
isopropyl^rhnnYlimidagol-2-yinmet:hvl^g-Phenvl-2- 
phgnylmethyl-hpxanamidft- dihydrochloride salt 

a) (2R, 4S, 5S, 1 •S) -5-amino-4-t-butyldimethylsiloxy-N-- [1 • - 
30" isopropyl-t , -(4-isopropylcarbonyl-imidazol-2-yl) ]njethyl-6- 

phenyl-2-phenylmethyl-hexanamide 
t l j;;: ■ Using the 'procedure of Example 13(a), except 

substituting this -compound of Example 28(d), the title 
s < compound was prepared. 1 * 

* x ' b) (2R,4S,5S;i , S)-5-((i;i-dimethyl-2- 

hydroxy) ethoxycarbonyl) amino-4-hydrbxy-N- (1 '-isopropyl-1 f - (4- 
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isopropylcarbonylimidazol-2-yl) ) methyl-6-phenyl-2- 
' phenylmethyl-hexanamide dihydrochloride 'salt > . 

Following the procedures '.of Example; 38 (b) r-38 (c) , except 
substituting the compound of Example r 55 (a): for 1 K - :.} 
S< (2R f 4S,SS / l , S)-S-aInino-4-t-butyl<llmethylsiloxy-N« ; :( , - ? 
isopropyl-1 « -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
hexanamide, the title compound was prepared'. "NMR (CDCI3) 5 
. 7.49 <1H, s), 7.13 (5H, m), 6.84 (5H, m)> .S:;53 '.(lH,f d) , 4.47 
(1H, d), 3.79 (1H, m), '3.60 (1H/ m), 3.44 (2H,m), 3.16 (1H, 
10 m), 2.81-2.50 (5H; m), 1.92 (1H,: m) > JLV62 (2H>; m)7 1.18f (14H, 
m), 0.72 (3H, d>, 0.58 (3H, d) ; MS m/e 621.4 [M+HJ+. 

.... - -•, .ci .* .■■A-r v w.? 1 --''!; ; »■• ••■ : -' " 

. • -•• . Example 56 a - .-• • . 

15 T>T-A r »T-*fJo n r,-F |gw.4g.^«.1'«l-S-f MS)-1-tM»thvl-2-. sr 

• * tn^a *«V1 ' """^hy 1 -<HP l,ftn Y 1 -^-phftnvl'mftl-hvihftyaTiaTiildft 

Using the procedure of Example 41/ . except, substituting 
20 2 (S) -t-butyl dimethyls iloxy-l-znethy lethano 1 in . 4 1 (a) • ■ (prepared 
from 2(S)-l,2-propanediol), the title compound was prepared. 
NMR (CD3OD) 5 7.38-6.90 (10H, m) , 6.83 (2H, s) , 4.58 (2H, m) , 
3.61 (lH f m), 3.34 (3H, m), 2.82-2.44 (5H, m), 2.00 (1H, m) , 
1.66 (1H, m), 1.52 (1H, m) t 1.08; (3H,.d), 0i85 :(3H,.d), 0.60 
25 (3H, d). ./.-.</... 

..• prample 57 js* • — 

. Preparation of 4S . SS. 1 -1 -mt>1-hvl-2- u , 

30 TiyHT-nvYPff .r>vYffarhonvnani4nfv.4-hvdroxv-W-n '-IfiOPTOPVl-l '-. 
4 w< Ha*n1 -?-yl 1 niPf-hvl -fi-phpnvl -?~T>h<»nv1 methvT hexanaiM de 

Using the procedure of Example- t 41, except substituting 
2 (R) -t-butyldijaethylsiloxy-A-«ethylethanol in 41(a), the 
title compound was prepared. * NMR,(CD30D) .8,. 7. 39-6. 88. (10H, 

35 ra), 6.82 (2H, s), 4.56 (2H, m), 3.60 (1H, m), 3.36 (3H, m), 
2.81-2.45 (5H, m) , 1.99 (1H, m) r 1.65..(1H* m) , 1.51- ,(1H, m) # 
1.03 (3H, d), 0.84 (3H r d), 0.60 /f (3H, d) . .. 
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.{: ■ <:. ''..«>.'. :.V. ...i Example 58 i., , 

. :j i Prgparat Ion • r?R . 4 S . 558 . 1 ' SI -5- ( ( 1-acetvl) amino-4-h vdroxv-N- 

.5.; phenyl mftt.hvl hftranamidft >.. , • a 

The title : compound, was prepared by the procedure of 

Example 13 (a) -(c)/ except substituting acetic anhydride in 
)'. place of isoprppyl c |Chlorpforiwte.-- NMR(CD30D) 5 7.. 21-6. 90 

(10H, )uS r .» 6. 81V.(2H, .s)y *4.58 (1H, d) , 3.98 (1H, m) , 3. SI (1H, 
10 m), 2.85-2.49 (5H, m) , .1.99: (1H, m) ,.a.68% (3H, s), 1.6L (3H, 

m),.;1.50 (1H, .m)i >0.80 (3H, -d), 0.60 (3H, d)-. 

« c V '. _ . .r> r ;i ;.- . • . . 

.,: . v " r > ?:.'.=> ' Example, 59 

r 15( Preparation of (2*. 4S. 5S, 1 'fil-5- /f-hi3liQxycarbQnyl> 

hydroxy-N- f 1 y -igoprppyl-I , iinidazpl-2-yl) inethyl-6-phftnyl-2- f 4- 

benzyloxyphenylmefchyll hexanamlde 

.i-' -v J. . . 

a) (3R, 5S, 1 1 S) - ( 1 1 -t-butoxycarbonylamino-2 1 -phenyl) ethyl-3- 
il 20, : -.;;( 4-benzyloxy) phenylmethyl-tetrahydrof uranr2-one - ::: ( >: 
. Lv ".Following; the* procedure: of : Example. 12 (a)yt except using 
(4-benzyloxy) benzyl bromide, the* title compound was prepared 
(284 mg f 27%). NMR(CDCl3) 8 7.48-6.72 (14H, m), 4.94 (2H, 

in j s), 4.43: (1H, d),*4:i2 (IH^dd), 3.83 (1H/ q)/ 2.97-2.62 (5H, 
^.'25 ^ -m)-, 2.12^(lH,vm)/;1.85:J'(lH/-m) / , r.27 (9H/S). * * 

{p r b) > (2R, 4S, 5S)>5- (t-butoxycaxbonyl) aminor4-t-butyldimethyl- 
i ; i< : s iloxy-r 6-phenyl-2r ( 4-benzyloxyphenylmethyl) hexanoic acid 
Folowing the '.procedure :of<Evans et al., ; -«7. Org* Chem. 
30 50, 4615 (1985), except substituting the compound of Example 
59(a) for benzyl .bromide;- the title compound was prepared. 
NMR(CDC13) 5 7.42-6.76 (14H, m), 4.99 (2H, s>,'4.69 <1H, d), 

3.91 (1H,' q),.. 3.66 i(lH/. m)," 2.98-2.36 <5H,\m), 1.851 <1H, m), 
1.52 (1H, m)^r,i;30 (9H/ s) , *0.88 (9H,. s) , "0.04 (6H, m) . \ 

c) (2R, 4S; 5S, 1 1 S) -5- (t-butoxycarbonyl) amino-4-t- 
" 1 butyldimethylsil6xy-N-(l , -isopropyi-l" , '-imidazol-2-yl)methyl- 
6-phenyl-2- ( 4-benzy loxyphenylmethyl ) • hexanamide 
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Following the procedure of Example 12(c), except using 
(b) , the title compound was prepared (284 ng, 92%) . 
NMR(CDC13) 5 7.42-6;74 ;(16H> .ni) f . S;04i(2H^is) , :4V99 <1H, d) , 
4.77 (1H, d),-4.5t (1H;~ dd) y 3**'93- : 41H;v^q) :^3S69*(1H, m), 
5 2.80-2.39 (5H, m), 1.81 (1H, my;-1.62i(lff/-Wr'1.33 (9H, s), 
0.92 (9H, s), 0.75 (6H, dd), 0.07 (6H;dh • f~ 
:,;> .. : . \ >.-.. j- .tc* r.-v>v v ; .:)^tt>)'t.i i*i ?.ufi. v .3i • ' 

< - d) (2R,4S,5S,l*S)-5-(t-butokycarbOT^ 

isopropyl-1 ' -imidazol-2-yl) methyl-6-pheny 1-2-^.(4-0 
10 benzyloxyphenylmethyl) hexanamide y l. ) 2$.£-'S&.'.». ; :«« C' 

Following the procedure of. 12(d) > ^except. using (c), the 
title compound was prepared (100 mg, 94%) . NMR(CD30D) 5 

7.41-7.09 (10H, m), 6.85 (2H, d), 6.79 (2H, s), 6.58 (2H, d), 
5.41 (IE, d), 4.90 (2H, s), 4.47 (1H, d), 3.62 <1H, q) , 3.48 
15 (1H, d) , 2.79-2.48 (6H, m)W2.02. (IH/.'m) 1.62 (2R r i m) i i 1.33 
. / (9H, s), 0.74 (3H/d)> 0.6T (3S»- d) . d-rl;l)z&:*} ;alr^( 

Example 60 ' 
■ 1 - ■ • - , ; • '"--{'.' 
20 Preparation of f2K r 4S- 5S r 1 'St -5- (r.-bur.o^earhonylVaTnino-4- 

hydrnxy-N- fl '-isopropyl-1 « imi da zol-2^11 methyl- 6-*pheny 1-2- f4- 
- ; -. hydroyyphenylmerhyl) • heyanamide f ? - !ls : ; fy f v r . v i- > J 
M- : . . ■■ .v ? <s:-.00:>) ; m--*s 

. . - V . Following the; procedure of L'EacanpleJf4:(b) >t* r e&coeip& using 
25 the compound of 59 (d) , the title, compound: wast prepared ;*(56 
mg, 86%). NMR(CD30D) 5 7.18 (5H, m) , 6.84 (2H, s>, 6.73 (2H, 

i d), 6.4.4 (2H, d), 5.32 (lHj d) *,Y-4/45 (lH??.d) } ,3'-:'61(<(lH, q), 

3.42 (lH r m), 2.80-2.42 (5H, : m) r /2v04t (IH/om) > vl;61t' (2H r m), 

, ?: - 1.31 <9H, s), 0.70 (3H,;d)> 0i61:i'(3H/ld)3»vo^i% . 

;30* :. i • : ■!.- \ r.Tv.vo • *3%r = ) <1j*: ^ r 

r . ■ ■ • • «- y Example 61 -^.v.-^- -o^ (a^S 

:i : Preparation; of f2R:4S.55n-5-fr^h»^^ 

hvdroyv-2-phCTvlTnethvl-6^henyl^W-ri 5-rvnloprnpyl^l '^ 
35 -FttH rifl7.nl ^9^y llm^rh vl -h^vanam4 Ha 

. : ■, • s ... ... ..- . -.i-- -;j i = 

a) a-(t~butoxy<^rbonyl)-aminora-cyclopropylacetonitrile 
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To a solution of cyclopropylmethanol (10.2 g, 141 mmol) 
• i. in .methylene chloride (250 nL) sodium acetate (1 g) and 20 g 
of Celite® were added. Pyridlnium chlorochromate (30 g, 140 
. mmol) was * added In small portions over a period of 30 m: 
. Sr. After l< h .the reaction mixture ..was diluted with ether i 

( lOOmL) , filtered through . Celite® and washed, with ether . The 
; - combined organic extracts (1L) were concentrated:in vacuo at 
. ; 15-18°C. to yield formyl cyclopropane. 

. The.; crude aldehyde was dissolved in water (50 mL),* and 
*10. ; ammonium ichloride i (6.51 g), potassium cyanide .(7.16 g) *and 
- -aqueous*- ammonium hydroxide (100 'ml, 28% w/w) . The reaction 
" mixture* was - stirred at room temperature overnight/ extracted 
v * ; , with ethyl acetate, • and the combined organic extracts were 
dried over MgS04.-: Filtration, and • evaporation of the solvent 
is in vacuo yielded a-amino-a-cyclopropyl acetonitrile as an 
oil. ■'•••f^. *!~\v. - '• . , ' 

To a solution of the crude aminonitrile (2 g) in THF (20 
iv. xnL) di-tert-butyldicarbonate (1.53 g,; 7 mmol V was added. The 
reaction was stirred overnight . Removal of the solvent in 
20 vv vacuo followed by : flash chromatography (silica, 1:8. ethyl . 
* v; : acetate :hexane) yielded the title compound (2.8 g) . !r 

NMR(CDCl3r 200 MHz) 5 5.0 (bs, 1H), 4.4 (bs, 1H), 1.4 (s, 

9H), 1.2 (m, 1H), 0.7 (m, 2H), 0.5 (ra, 2H) . 

25 y b) : a-(t-butoxycarbonyl)r-amino-a-cyclopropylacetaldehyde 

To a solution of the compound- of Example 61(a) (1 g, 5.1 
r. :* mmol) in THF -(20 mL) , diisobutylaluminium hydride (10.5 mL, 
•v> 10.5 mmoli 1M in V THF) was' added at -78°C, over 5 min. The 
.> ™< react ion mixture wast allowed to warm to 0°C over- a period of 
30 r 2 h,: and stirred at:.0°Cfor an additional 1 h.v The reaction 
^ mixture was quenched withMeOH (2 mL), and saturated 

potassium ? .sodium tartrate ^.solution (100 mL) : was added. 
. iH Extraction iwith : ether," drying over MgS04 and removal of 
c.; solvents in < vacuo yielded , an oil. : Flash chromatography 
35 (silica-, 1:10 ethyl acetate:hexane) gave the title compound 
as .a; T colorless., solid.; (225; mg) . ..NMR(CDCl3, 400 MHz) 8 9.45 

. (bs, 1H), 4.95:;(bs,,:iH)> .3.5^(bs, : 1H),. 1.3 .(s, 9H), 0.7 (m, 
1H), 0.3-0.6 (m, 4H)V'» * $;-'<• ■■ : 
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c) 1- (t-butoxycarbonyl) amino-1- (imidazol-2-yl) -1-cyclopropyl- 

methane ' ^ * *-' : ' v ' ^ : ^ r ° 

A mixture of the compound of Example- 61(b) (178 mg, 0.89 
mmol); glyoxal (150 mL, 1 mmol/ -'40%-: aq) /iiammonium hydroxide 
(5 mL, 28% aq) and MeOH- (5mL) I'was - stirred -at room- temperature 
for 10 h. The solvents were removed >in vacuo 'and ithe residue 
was titurated with ether to yie^a brown solid (53 'mg) . The 
solid was passed through Florisil® and elutedV.with 5% 
MeOH/methylene chloride . Removal • of i the /solvent in ; vacuo 
followed by trituration provided the title-compound as a 
colorless solid (19 mg) . MS (CI/NH 3 ) m/e 238.3>.[M+H]+- !h 
NMR(CD30D/ 200 MHz) 8 6.9 (s, 2H) , 4.1 ; (bd, > 1H) , 1.4,(8, 9H), 
1.3 (m, 1H), 0.6 (m, 2H) r 0.4 (m^2H).v^v .\\ro 

d) 1-amino-l- (imidazol-2-yl) -l-cyclopropyl-methene f »: 
. trif luoroacetate .. .2 " * s.jyslr.* is 

The confound of Example 61(c) : (15 mg) ;; was- dissolved in 1 
\ . mL of TFA and stirred at* room temperature for 20.min. 
20 Solvents removed in vacuo to give the : titleC compound as a 

semisolid residue. . ^-H NMR(CD30D, .200 MHz) .57.1 (s,.2H), 3.8 
(d, 1H, J«7 Hz), 1.5 (m,'''lE) # 0.5-0.8 ' (m, 4H) ; 

e) (2R, 4S, 5S) -5- (t-butoxycarbonyl) amino-4- (t-butyldimethyl) - 
25 siloxy-2-phenylmethyl-6-phenyl-N- [1 '-cyclopropyl-l '-imidazol- 

2-ylJmethyl-hexanamide *: u> ; 

The compound of Example 61(d) ; was dissolved , in /DMF (2 
mL) . ; and.NMM (26 mg, 0.25 ramol) v ; was' added 'and the solution was 
* . stirred at 0°C for 30 min. <2R,4S,5S)T2Tphenylmethyl-4-(t- 
\ 36 butyldimethyl) siloxy^-5- (tHbutoxycarbohyl) amino-6-phenyl , *; 

hexanoic acid (38 mg, 0.07 mmol). and BOP£reagenti (30 *mg, 0.07 
mmol) were added and the -.reaction* , was ~st irred ».at .room 
temperature for 24 h. The .reaction .was diluted with: ethyi 
. acetate (100 mL)/' washed witi*aqueous -sodiiim bicarbonate and 
'35 dried over anhydrous potassium carbonate!; Removal of r. 

solvents in vacuo, followed by flash chromatography (silica, 
ii. " 5% methanol/methylene chloride)!*: yielded the title compound as 
a mixture of diasteredmers (25 mg);i>c . . } ,. : .:: 
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• \ ; ■ ■ ■ . 

v »■..• vri. f) |.(2R / .4S / .5S).-5-(t-buto^caidionyl)aiiiino-4-hydrp3cy-2- 
,r. ; • . phenylmethyl- 6-phenyl-N- [1 ' -cyclopropyl-1 ' -lmidazol-2- 
■;}.. c y 1] methyl-hexanamide ■•' ; . 

;r.-, 5.. .-, .; The confound of -Example : 61(c) was dissolved In THF (2 - 
]i < \ J . mL), and . tetrabutyl ammonium, fluoride : (200mL, 1M in !THF)^ was 
added. The reaction was stirred at room temperature 
. ..• overnight and methylene: chloride (100 mL) and water (10 mL) 
•>> .. were added,. /. The organic layer was dried over potassium 
10 carbonate, and the solvent was removed in vacuo to give an 
oil. Flash chromatography (silica, 5% methanol/methylene 
chloride) gave a colorless solid which was a 1:1 
diastereomeric mixture of the title compound. 

- *15-/j.,.,£ -,. jr.- ^ ' Example 69 

. ... t . y - ;r .v.?."";:-:-. . < ■/*. 

Preparation of f2R.4fi.SS,1 'm-5--/t--^ri1-ovv ff »T->>nny n 
hvdroxV"?-phftnvlTOftthvl^6^phftnvl^W-ri '-nvfilonrnpyUl ■ - 

20 f 2ft. 4fi . SS. 1 ' SI -5- ffr-htttoyvrarhonyl 1 am {t>fv4-h y drQyy-?- 

Phenyl mftt:hvl-6-phftnv3-N- n »-rvelopronvl-l '-tTTHrf**rO-9- . 

yllmethyl-hfixanamide 

, :^ . -\q: • * .vy*rj ■. .. - • 

-* *M ; i- a) Purification, of .the 125 mg of the compound of Example 
25 61(e) by flash; chromatography (silica, 3% methylene 

chloride/methanol),* yielded 48 mg of isomer 1, .15 mg of 
b t.-t; isomer 2 and; 20 mg of combined fractions. 1 H NMR for isomer 
ri/ l. (CDCI3,. »400. MHz) . 8.7. 1—7,. 4 (m, lOfl) , 6..9S (s, 2H),.6.1 (d, 
m h lH),; 4.85 (d # - 1H) , 4.15 (dd, 1H) , 3 .75 (q« 1H) , 3.6 (m, 1H) , 

:30.: ; . : 2>9(dd,\ lH), r 2.i7 (d, 2H), 2.6 (dd,;lH), 2.3 (m, 1H),. 2.0 (m, 
a-.v :ir..lH), : , l.:6,.(m, > .lH) : ; 1.4 Cm,;lH), 1.35(s, ; 9H), 0.95.(s, 9H)., 
r.-, ;0.7M(m, 5 .lH), a; 0^4 ! .(ia,^lH) r 0.25 1H) , 0 .1 (m,.lH), 0.2 (s, 
a; s- 3H), A| 0.1 (s, : .3H),. ( fH NMR for, isomer 2, (CDCa.3,. 400 MHz) 87.1- 
; vl o c 7 7.4 (m, 10H) , V 6.8* (s, 2H), 6.26 (d, 1H) , 4.6 (d, 1H) , 4.0 (m, 
35 2H), 2.5-3.0 (m, 4H) , 1.8 :{m, 1H), 1.7 (m, 1H), 1.5 . (m, 1H), 
1.4 (s, 9H), 1:0 (s, 9H), 0.7 (m, 2H), 0.2 (m, 2H),0.1*(2 
overlapping singlets, 6H) . 
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b) Following the procedure of Example . 61 (f)., except 
•substituting the cbn^undVof : Exai^ the title 

compounds. X H HMR for isomerM .'(CDsODV 400 MHz)*5 7.1-7.3 (m, 
10H), 6.95 (s, 2H), 4.25 (d, 1H# 3vS^3 '*f-~&fl^ r L V.S 7 3.0 ■ 
5 (m, 5H), 1.7 (m/ 2H) /lU W-9H)> *i;;l iC H«; 1 0.6 (m, 1H), 

0.25-0.4 (m, 2H)' , • 0.05 -WSflff * : W(EiSMS')^e.-533.^ll«« + ' *H 
• NMR for isomer 2 (CD 3 OD)- 8 7.1-714' <m>: 1QHT; 6.85: (s, 2H), 
4.25 (d, 1H), 3.5-3.7 1 (m/ 2H)r 2 .5-2 i9 r<a> 5H}y;-Iy5;-1.8 <m, 
2H), 1.4 (s,- SB), 1.1 (m> iH)/"0i : 2-Q«6' (m/>'4H) ; ; MS(ESMS) m/e 

10. 533.4 [M+HJ+. • - » «£ • 

.' f :y-:*{> 'J< >v \\i m. *-r :o 

15 ^i 1 T^-4-h v HrT, yY -9^hPnv1 methyl -fr*nhftTivl-N- H -iSQPrOPYl -1 
*irvM**o1-3-y1 1 meth yl -T^yflnafflide 

. ■ .. i; '; ,^.^ ; :i ^ 

a) 5- ( (isopropylthiol) carbdnyl) amino-4-Xt-*^ ~ t - *^> K ' 
butyldimethylsilbxy) -2-phenyltoe^ 

20 l f - (1- (isopropylthiol) carbbnyl-iitfdazol-^^ r - 

-' hexahamide - - ■ * *■ — 

To a solution of (2R / 4S # SS r l t S)-S-amlnb i -4-t- *V 
butyldlmetliylsiloxy-2--phenylmethyl-6-phenyl--N- [1 1 -isopropyl- 
1 • -imidazol-2-yl] methyl-hexanamide : (81 • mg, fc 148 * mmol) ; and DMAP 

25 (37 mg, 303 mmol) in dichloromethane (8~mL), -?o -rile . v . r : 
isqpropylthiolchlorofonnate (42 mg/ .303 wmol)» in • 
dichloromethane (IratL) was added. The! solution was stirred 
for 20 h and an additional equivalent- of -the; chlbroformate 
and DMBP were added. The reaction mixture was stirred for an 

30 additional 20 h, diluted with dichlorbnethane,* ; and washed 
with saturated sodium bicarbonate. The organic extract was 
dried over magnesium sulfate, filtered and evaporated to an 
oil. .The oil was dissolved JiF chloroform and purified by 
flash chromatography (silica/ r l% metianbl/chiordfbrm) to give 

35 the title compound as an oil (79.5*mg) ; 0 " * — 
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. A c. P) t {2R,4S,5S, 1\S) -5- ;((l8opropylthlol)carbonyl)aialzio-*4- 

hydroxy-2-phenylmethyl-6-phenyl*-N- [1-isopropyl-l '-imidazol-2- 
' yl]iaethyl-hexanamlde . V :r% . , r ... ^ . 

} To > : a solution pf, th^con^otmd of Exaniple 63(a) (79 mg, 
v • , 5 ; lOS^xmnol) in^metlumol t (8 t mL) f 10% v hydrochloric acid (3 mL) 

was added. ;The.. % reaction v mi^ure. was stirred overnight at 
ji-^ 25?C. ; A The methanol was evaporated in vacuo, and the residue 
; ..was diluted with, water. : :i The solution wag neutralized with 5% 
.is H i aqueous, .sodiumjcarbpnate, and., a solid precipitated. The 
-10 -solid^.was;; filtered, ^washed with water, and triturated with 
: VA. } ether. . The solid, was dried at high vacuum- to yield the title 

compound (27 mg, 48%) . NMR(CDCl3, 250 MHz) 5 6.9r7.3 (m, 

10H), 6.85 (s, 2H), 6.20 (d, 1H), 4.42 (d, 1H), 4.22 <m, IE), 
• ;.4.0„(m, lH),i3;55 (m, 3H)., 2.5-3.0 (m, 6R) , 1.65 ,(t, 2H), 
1115; yl.27_(m,. JR),S.7W(d of. : d # . 6H); MS(PAB) m/e 537 [M+H]+; TLC 

Rf 0.30 (silica, .4% methanol/chloroform) . r 

- - ; \ -(q ^ * ( : ; - -■■•*.' ^ . . ' 

Examplfi 6.4. 

• ■2Q . PreparaHnn of /?K.4fi. SS. 1 Jfil M vdi-nvymAf 1 ^ 0 

, i nH da 7o1 -2-vl 1 mfttti i vl-g^hftnvl-2-phen vlm^hyl -h<*y*mJ rfo 

rvj.,. -■ • ■ :*.f ■.: • x'rl ... ,• *; - .. 

nj a)rl-(t-butyldimethysiloxy)methylrcyclopentanol 
25 ... ; r-jTo,- a. solution of 1-hydrpxymethyl-l-cyclopentanol. (4.07 
- > . -g/. 0^.035 ;mole) in. dich loromethane (30 mL) :t-butyldimethyl- 

silyl chloride (5.28 g, 0.035 mol) in dichloromethane (30 mL) 
was added. Triethylamine (5.37 mL, 0.0385 mol) and DMAP 
( 0. 171; :g,> 0.0014 mol). .were added and the; solution was stirred 
30:; ..overnight at;v25°C.* The. solution was diluted , with 

dichloromethane (30 mL) and washed with water . and : saturated 
SSL -ammoni^ .chloride.isolution.. The*" organic solution was dried 
L,s . oye^^ filtered, and the sqlvpnt removed at 

reduced ,prjessure.^ v The,prpduct was purified by, flash 
; 35... chromatography f (silica f c , 19 : 1, hexane : ethyl ; f acetate)^ to yield 
r ~ v the title compound,, as a colorless .oil (6.95 g, .86%) . 
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b) i-(t-butyldi^thyls±loxy)TO^^ 

. .. . .. . « • i • o •• >-l vili ..♦»«; V*'* r-v • • ..«J 

carbonate • . 

A solution of the compound' of ! i54 (a) : -~(l^S :S !j>*5 mmol), 
DM&P X0. 611 V 5 «l)- r and-'i)i8'^4^iBsS^yf ) carbonate (1.52 
S g, ' 5 mmol) in "dicnloromethane 's^QAed overnight 

:i at 25°C. " The reactibn'iniiture 'was' diluted 1 with ' : ' 
^dicnloromethane and washed with'. 5% sodim'carbonate. The 
solvent was removed 'at reduced pressure and the 'residual oil 
was triturated With hexane : ethyl ' acetate (3 :2)c=and > filtered . 
• 10 The product was purified by- flash chromatography -(silica, 
• 19:1 hexane:ethyl acetate) 1 to give' a colorless oil* (0.599 g, 

i. ,c) m,4S,SS,l f 5) -5-*- [l-(t-butyldimetliylsildxy)methyl- 
I5f. C yclopentyloxycarbonyl]amino^4-^^^ 

isopropyl-l'-tt-butyldimethyte O'.G >! 

cyclopentyloxy ) imidazol-2-yl] -6-phenyl-2-phenylmethyl- 
hexanamide :: vi * 

A solution of the confound of Example 13 (a) (173 mg, 
20 0.316 mmol) , DMAP (81 mg, : 0i/663 Woi) ^d- th^" cdnpound' of 
/ Example 64 (b) (262 mg^O.663 toiol) W^c^(»6meaiane (10 xnL) 
•was stirred for 48 h : at 25°c: • The ; ^rg^c soliitldn was; 
diluted with dichloromethane, washed with 5% sodium carbonate 
solution and the solvent removed at reduced pressure, The 
25 1 product was purified' by flash cdiromatdgraphy" (silica, ^ 
- . 4:lhexane:ethyl acetate) to yield the title 7compound as an 
oil (200 mg, 60%). " ' r r.- . ^. ^ ;>^ ^v^ ^ : : : i 

• d) (2R, 4S, 5S, 1 • S) 5- (1-hydroxymettyl-cyclopentyro^ 

30 carbonyl)aiaino-4-hydroxy-N-(l f H^^ 

yl) methyl-6-phenyl-2H?htoylmethyl-hex^ 

A solution of the* silated* derivative' (200^^' 0.188 

? ••mmol) in methanol (7 mL) and 3N HC1 

overnight at 25°C . The* methanbi'' was removed *alf reduced 

35 pressure and the solution *was- diluted * '^lilf-'water ^(1*5 xnL) and 
extracted with ether (25 mL) The aqueous sblution was 
neutralized with 5% sodium carbonate solution to pH 7-7.5 and 
the product precipitated as a solid. The solid was filtered/ 
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washed, with^ water, and. dried In vacuo , to yield the. title 
confound . (51 .mg, ,47%) NMR XCD3OD, 400. MHz) .8 7.0-7.3 (iu, 

r. . ; 10H), 6.87 (s, 2H)> 4.62 :(d, 1H) , 3.70<;Cm, 3H) r - 3.55 <d, 1H) , 
; i/2. 5-2.9, (m,-5H)yv2 .05 ;(ta, 1H) >• 1.5-2.0 :(br f 10H) ; 0.88 (d, 

: 5 ; 3H), 0.70; (d f 3H);, TLC.Rf^O.SO (silica, 8% * : 
methanol/chlorof orm) . . .« - ■ . 

x ?hvdroxv-4-fflethvlnfmtvlaM^ 

' imidazQl-ft-vll mftthvl-6^henvl-2^he^ ? and 

15- yl)infithyl-g"Phfinyl-2-phenylniftthy3-hfiynnfiTn1riff - _ . 

■ a) 1- ( l-benzyloxymethylimidazol-2-yl) -2-methyl-l-propanol 
- I v : j . • 1-benzyloxymethylimidazole prepared according to the 
;;:<^. procedure of ^Ngochindo, R., <7. :Cbem. Res. (S), 58 (1990)) 
i 2<h 1 (3.76 g, 20 ;mmol) , and THF (40 mL) at ^40°C, was treated 
, : dropwise with n-BuLi (8.4 mL, 21 mmol, 2.5M in. hexane) . The 
.^..resulting, solution was . stirred at » -40°C for 15 min, - and i- 
r^nn rbutyraldehyde v (2.0. mL, 22 mmol). was added dropwise. The 
k. <i . reaction was (stirred at -40°C for 1.5 h, 0°C,for 1 h, warmed 
x 2S ;to 23°C, poured .<into H2O, and extracted with EtOAc. The- 
r - combined extracts were c washed with brine, dried (Na2S04) and 
r \. . - concentrated in .vacuo... Trituration of the. residue with 
y,v Et20/hexane t gave a white solid which was dried: in vacuo 

overnight to afford of the title compound (3.57 g, 69%) . *H 
30 NMR(CDCl3, 400 MHz) 5 7.28 (m, 5H), 6.97 (s, 1H), 6.92 (s, 

fv - 1H), 5.23 :„(d,. 1H,,.J«12\Hz), 5 r .42. (d, 1H, J-12 Hz), 4.48 (s, 
2H) r 4.44 (d/'lH, J=9. Hz),r2.21^(m, 1H), 1.02 (d, 3H, J=7 
. . - Hz),/ 0J83 (d,;3H, J~7 Hz) - . r; 

{ 35 • b)i: 1- (benzyloxymethylimidazol-2-yl) -2-methyl-propan-l-one 
i. ll ^; . 'The compound of Example, 65 (a) (1.0 g/ 3.88 mmol), Mn02, 
v. f!; (1.69 g,i. 19.4 mmol), ; and CH2CI2 (75 mL) were combined and 
%|;; ) jr. stirred for. l.d. Additional Mn02 (1.69 g, 19.4 mmol) was 
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added and stirring was "continued for^an%adaltional''2 d. 
'i. Filtration through Cei£te®, concentrat'ion and"Siash. ... 

chromatography (silica, 0-1% "CH3OH/CH2CI2) horded ?the title 
cdmpound (0.773 :g, 77%) v " *H l^(CTCl3K .400; MH2H7..-28 (m, 
S 6H), 7.18 (S, 1H), 5.85' (s,- 2Hr^4i52 : (sV 2H)^3.94- <m? IH), 
1.21 (d, 2H, J=5Hz). .{^i*aAW»Uwr*jtf 

c) t-butyl 3-(l-benzyl6xyiaet^^ 
methyl-pentanoate 

10 Diisopropylamine (83 |»L,<' o:S9^mnbl|* ihd^^HKiCl^S ml.) 

were cooled to -40 8 C and n-BuLiV.(188i|lli;4 0v47Vmmol, 12.SU in 
hexane) was addid?~*aiv' reactl©*- j&rto&i-ifa^inik&ai-lio r!0°C 
' and stirred for -15 m/< recobled'to -70°C^and^tHi)utyi'-acetate 
(63 HL, 0.47 mmol) was. added. The 'reaction^ was:; stirred for 5 
15 m, ' and HMPA , (254 pL, .1:41 mmol) rwas added?-; The.^reaction was 
stirred at -70°C for 5 m and 1- (benzyloxymethylimidazol-2- 
• y i)-2-methyl-propan-l-one -(100 m"g^0v39;:nmol) - in'THF ^ (1-. 5 mL ) 
was added dropwise. The: nd^ure- was /.stirred tat -70°C for 30 
m, -40°C for 30 m, -10°C for 30 :.m f : . rearmed.: to 723°(V poured 
20 into 10% aqueous K2CO3 and- extracted :with.EtOAc. The combined 

. organic extracts were washed with brine/ dried i(KaC03> , 
L v.. concentrated and flash chrbmatographed (Silica gel£ step 
i .}. gradient, 0-20% EtO&c/hexanes) to &^&&}&&*?vto90aaA 
. (131 mg, 90%) . ^-H NMR(CDCl3, : 400 MHz) 5 7i25 - (m,^5H), 6.96 

25 (s, mi, • 6.9i"\*, -iH)';' s:69.' (^ift^ib-&j;»'s > ;6S<fd r :iH r 

'J*10 Hz)V 4.53 (d, <'W iM^mi ' AU*'Xd?m? J^FHz), 3.23 
.... (d; 1H, J-6 Hz) 2.57 - (d, Ik/ J-6 ^^^^ 'iSYP'^-^ "<»r 
9H); 0'.97 (d, 3H, j-7 Hz), 0.75 (d,* SH^J-T'HzJ^MS^ES) m/e 

• 375 [M+H]+. ' - • ^ 13 

- . . , v - ,m ft .V S. 3U. ^.:.voO);i;rf »5 

d) 3- (l-benzyloxymethylimidazbl-^-yl) -3-hydrbxy^4-methyl 
pentanoic acid triflouroacetatei^ w / ; :'t *. *\ 

The compound of Example«:65 (c)-> (93 mg,- 0V24* mmol) was 
dissolved in TFA (1 mL) and stirred for 20 m. The TPA was 
35 removed in vacuo to give- the titiei : cb%"ourid.i (3.02- mgi<il00%) . 
X H NMR(CDCl3, 400 MHz) 7 .30 *(m, • 7H) / ■6.06 T^d,:"!.' H, J=9 Hz), 
5.74 (d, 1H, J-l Hz), 4.67' : (dJ • 1H,< iJ^9 Hz)^4^63?:(dV\lH, .0=9 
Hz), 3.62 (d, IH, J=12*Hz), 2.93'-(d"> lH, r J=12 Hz*);- 2104 (m. 
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:r f ,1H), 0J'92;(d>.-3H/.!ra2;.Hz)t-.0.88 (d, 3H, J=12 Hz); MS(ES) a/e 
„ .319 [M+H]+.b, • : "j . .. 

. -w.ib . : ,e) (2R r 4S^5S r l , S)r5r[3-(RS)r(l-ben2ylo3^ethyliM 

; : 5 v j > 3-hydroxy-4-methylpentanoyi] amino-4-t-butyldimethylsilyloxy- 
N- (1 • -isopropyl-1! -imidazol-2-yl) methyl-6-phenyl-2- 
- phenylmethyl-hexanamide ; 

"V ;c; . (llQ eq) 

• (2R, 4S, 5S, 1/ S) -5-amino-4-hydroxy-N- (1 '-isopropyl-l •-imidazol- 
::h*?10 . 2-yl)methyl-6^henyl-2-phenylmethyl-hexanandd^ (1.1 eq), BOP 
fc { : t - reagent (1.1. eq)/r)and; triethylamine (4 eq) were reacted 
111: % according! to the procedure of Example 1(c). The product was. 
x 'I : . =i purified by, flash:: chromatography to afford the title compound' 
(57%) (silica, step gradient, 0-4% CH3OH/CH2CI2) . 2 H 
15 ^(CDC1 3 ^ 5.65 (m, 2H), t 4.66 

(m,ul/2H),i 4.51, (m,:2H), 4.39 (m, 1/2H), 4.30 <m, 1/2H), 4.02 
(ra, 1/2H),. 3.68: (m, 1H), 3.28 (m, 1H), 2.90-2.35 (m, 6H), 
. -^-^ 2.13 (m, 1H), 1176 (m, 1/2H), 1.68 (m, 1/2H), 1.40 (m, 1/2H), 
v * 1.00-0.70 (m,*21H), 0.10-0.00 (m, 6H); MS(ES) m/e 849 [M+H] + . 

; (USA* - f ) , (2R, 4S,5S,l.!S) -5- £3r (RS) -(l-benzyloxymethyllml rtazol-2-yl) - 
3-hydroxy-4-methylpentanoyl] amino-4-hydroxy-N- (1 V-isopropyl- 
1 f -imidazol-2-yl) methyl- 6-phenyl-2-phenylmethyl-hexanamide 
The compound of Example 65(e) (100 mg, 0.12 mmol) was 
25 desilylated by the procedure of 47(c) to cleanly afford the 
; 5, title cqnpound ; (78 mg, 89%). ^H. NMR(CDCl3, 400 MHz) 8 7.40- 
r. »r6.80 :(m, 19H), 5.75 (m, 2H) , 4.97 (m, 1/2H)*, 4.78 (m, 1/2H) , 
4.51 (m, 2H) 3,94, (m, 1/2H),. 3.85 :(m, 1/2H), .3.51- (m, 1H), 
3.21 (m, 1H), 2.97-2.43 (m, 6H);2.00 (m, 1H), 1.60 (m, 1H), 
•^30- -rJL.43 '(m,-~lH)v Q.97-01'49. (m,.12H); MS(ES) m/e 735 [M+H]+; 
» A) : .r- \;. • 

~S\iLf&* ' 9) (?R r 4S, 5S', 1 *S) -5- [3 (R) r (imidazol-2^yl) -3-hydroxy-4- 

methylpentanoyl] amino-4-hydroxy-N- ( 1 1 -isopropyl-1 1 -imidazol- 
;hiJ.ok :2-yl)methyl-6-phenyl-2-phenylmethyl-hexanamide; and 
- ; ~l 35 1 : ii. (2R; 4S, 5S, 1 • S) -5^ C3- (S) - (imidazol-2-yl)-3-hydroxy-4- 
- r v . j < methylpentanoyl] amino-4-hydroxy-N- ( 1 • -isopropyl-1 ■ -imidazol- 
.>/!/; v (.2-yl)methylT6-phenyl-2Vphenylmethyl-hexanamide 
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Using the procedure of Example 47(d) , - the compound of 
Example 65(f) (72 mg, 0.98 mmol) was hydrogeriated'to afford a 
- diastereomeric mixture of the title compounds. The mixture 
was purified by flash chromatography * (silica,*' atep' gradient, 
5. 0-8% CH3OH/CH2CI2) to afford tail fractions/ cbntaining the 
pure diastereomers (35 mg total,' 58%V; W r -y^'l:-* 

Isomer 1, last eluting, (2R,4S/5S r l , si-5 i -[3-(R)-(lH- 
Imidazol-2-yl) -3-hydroxy^4^ethylpentylamido] -4-hydroxy-N- 
(1 ■ -isoprppyl-1 1 -imidazol-2-yl) methyl-6-phenyl-2- • - 
10 phenylmethyl-hexanamide.. % NMR(CDCl3^ 4001 MHz). 5 7.35-6.82 
(m, 10H) , 6. 93 (s, 1H) , 6.84 (s, 1H) , 4 .'42 Hd/^IH/- J-9 Hz) , 
3.77 (m, 1H), 3.40 (m f lH) f 3.00-2.40- (m/ SH)V 2.14 (m, 1H), 
1.99 (m, 1H), 1.56 (m, 1H) f 1.47 • (m,"iH) 0.93-0.64 (m, 12H); 
MS(ES) m/e 615 [M+H]+. ' ? :i 1 ' ] [ 

15 ' Isomer 2, first eluting, (2R,4S>5S, l , S)-5-[3(S)-(lH- 

Imidazol-2-yl) -3-hydroxy-4-methylpentylamido] -4-hydroxy-N- 
(l , -isopropyl-l , -imidazol-2-yl)methyl-6-phenyl-2-.- > 
phenylmethyl-hexanamide. ^-H NMR(CDCl3, x 400 MHz) ;5. 7.35-6.81 
v (a, 10H),'6.83 (s, 1H),,6.81 .(s, 1H),\4.46 (d, 1 H, J=9 Hz), 
20 3.93 (m, 1H) , 3.40 (m, 1H), 3.00-2.40 (m, 5H), 2.13 (m, :lH), 
• ; 1.91 (m, 1H), 1.41 (m, 1H),. *^ 

MS(ES) m/e 615 [M+H] + . > *.* ^-i' ~% 

: . . ■ . * * . ; - . - ■ Example 66 -k-' -*rfv 

t-j « opt-on vl -1 '-JtiH ria?:ol-2-vl )fflfithvl-6- 

30 a) (2R>4S,5S,l , S)-5-((4^tho^henb^)cai±>onyl]aMno-4-t- 
butyldiInet±ylsiloxy-N-[l f -isopropyl-i , -(N f ^ , '•"'.'?:)"'•■ 
methoxycarbonyl) inddazol-2-yl]methyl-6-ph^^ 
hexanamide v . vy ?• »-.L; -v- v ■ 

Following the procedure of Example »13 (b) except using 
35 p-methoxyphenyl chloroforxnalte and-;'X2R;4S>SS/i' , S)-S-ainiiio-4-t- 
. butyldimetAylsiloxy-N-U'-lsopr^^ 

6-phenyl-2-phenylmethyl-he3canamide: (114 mgV: 0 1 .21 mmol) , the 
title compound was prepared < (63%) . NMR(CDCl3), 8 7.44-6.76 
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•• (m, ,20H), S.66-.(m / . lH>.; S.18. (d # 1H),.4.40 (m, 1H), 3.83 

(s,3H), . 3.76 (m,. 1H), i3.73: (s, 3H), 2.96-2.50 (m, 5H), 2.05 
(m, 5H), 1.60 (m, 1H), 0.94 (s, 9H) , 0.79 (d, 3 H,J=7 Hz), 
v ; ' 0.74 (s^-SH)'/ 0;i2\ (s, "3H) ,--.0.11: (s, 3H) ; . : 

/- 5 1 <,■: <\. :S fmfi 0; m ii\-: ; •»•• , 3 • 

•J < hb) (2R, 4S, 5S, 1 1 S) -5- (methoxycarbonyl) amino-4-hydroxy-N- (1 ' - 

isopropyl-ir-imidazol-2-yl)inethyl-6-piienyl-2^phenylmetliyl- 
' " • 'hexanamide' •:»-' » ,: • '• * "■• >L< . ■ =<•••: 

i- - s ■ Following. the . procedure of Example 13 (c) ,.• except using 

- 10 " the confound . of Example 66 (a) , "the title 'compound was r 

.: • prepared • (32%) .HHEKCpCls/CDsOD) , 5 7.36-6.84 (m, 16H), 4.49 
. (d, 1H, J-9 Hz), 3.79 (s, 3H), 3.37 (m, 1H)/ 2.92-2. SO (m, 

- • v 5H) f? 2.10-1.70 (m, 3H) ,. 0.78 (d, 3H, J«*7 Hz) , : .0.67 • (d, 3H, 
(. , J=7 Hz); MS(ES) m/e 585 [M+H]+. 

v 15 ,b .•; i ..• u »: • ':*■:. : •; . , . . 

••..;:•.! c-- .".i."", £• Example 67 

Preparation of r2R.4S.«?S.TS\-«;-^-h w i-v1»ni<n oriarhonv1^iin-Tir. 
-4-hvrimxv-N-tt '-isopropvl-l '-4nHri»»nl-9.. Y l i™*n Y l-fi- 

20 ■ ■iphenvlttiftf-.hy1-hA^anam4rtp.; . -y . ;> , 

. v'zi'- ! .. f -:-„-?-:IP.^ '•.5r ! :^_.".cI:iC '■: ■ :.UL:r r .:V. .V- \ : - - 

a) (2^48,55, l'S) 5- (t-butylaminocarbonyl)amino-4-(t- 
>r :v ^butyidlii»ttylsiloxy)-N-(l , -isopropyl-l. , -iiiddazol-2-yl)methyl- 
i6-phenylmethyl-hexamide- '•" ' s> ■■■»•: '-• cri. " ' : •'• ■'• 

- 25 /T.. ..The. compound of 11 Example 13 (a) "v (0.13 g, 0.24 mmol) was 
3 . c» > 'dissolved -in dichioromethaneT (3 mL) and^t-butyl ' isocyanate 

;i > (0.028 g, ,0.29*mmolKwas added. ^ After stirring at 30°C for 
* h -. 18 :h, ' the ^solvent was removed 'under reduced pressure and the 
GC . oresidue was chromatographed (silica, '2:3 ethylacetate:hexane) 
v 30 »5t'o give the title ^compound as"a white solid (0.12 : g; 77%). 
''^(CDCla)./ 57 .35-7. 05.: (12H,-.m), 6.85 (2H, a y f 4V69' (1H, d, 
J=9 Hz), 4.60 (1H, t, J-8 Hz), 4.38 (1H, br) , ■ 4 : . 24 (1H, q, 
J-8 Hz), 3.66 (1H, dd, J=4 Hz, 10 Hz), 2.95 (1H, dd, J=9Hz, 
"l3Hz)/2.73(2H, m) r > 2'.54 (1H, .dd, J=5 Hz, 13 Hz), 2.42 (1H, 
35 m), 1.82 (1H, m) , 1.67 (1H, m), 1.22 (9H, s), 0.93 (9H, 1 s), 
^ttKr^o.•84r.:it3H,^d;•:J»7^Hz)V•• : 0;79^'C3H,••d,-J»7 Hz);: 0;08 (3E f s)+ 
0.07i.(3H,L's)';^MS(ES) m/e 643.4 Itt+Bl*. ■ - ^ ' 
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; , b) (2R,4S,5S f l , S)-5-:(t-l>utylaiidxioc8u±oayl}ai^o^ 
•; (i«-l^bpropyl-l , -lMda201-2-yl)mfetAyl-6-^henylmethyl- 
i i-hexanaad.de.- ' ■ •- **) oa,f .(•}■■•: t *> 

The confound, of ' Example 67(a).I(0.0335g,r:0.05 mmol) was 
S stirred in dry THF (0.25 mL) and tetrabutylairatoniuin flouride 
(0 .25 mL, 0 ;25 .nmol) inyTHF was added; , r After 18 h.'at 50°C 
the reaction was cooled/ diluted .-with, ietttyl .acetate (25 mL), 
washed with water (5 mL) , and dried (MgS04h.;w. The : combined 
organic extracts were filtered and- concentrated in vacuo. 
10 , Chromatography i (silica,., 1:1 ethyl:acetate:hexane)J:gayeOthe 
. ' title compound as a( white solid V(0. 018 g; *66%y: r~'1Kp 226°C 
(dec) ; NMR(CD30D). 8 7 .37-6. 90, (10H; m) 6: 90 :.(2H, v «s) , .4 ■* 58 . . 
:(1H, d, J-9 Hz), ,3.71 (1H, t„ J-7 Hz),T3..52')(lH„d,'! J=9 Hz), 
2.75 (4H, m), 2.53 (1H, dd, J-4; Hzy% 12::Hz) 2'. 03 '.(1H, m) , 
IS 1.76 (1H, m), 1.66 (1H, m), 1.22 (9H, s), 0.79 (3H, d, J«=7 
Hz), 0.67 (3H, d, J=7 Hz); MS(ES) m/e"534 [M+H]+« 

; j- .=;.; ,<v Tixamplft 68 ?. 

ph»nytTM»H iyt-h«»xaTiamlde._ : •■ •; •■• ■ (- 

... <- ; Following the procedure! of .Examples ,67 (a). r 67(b) , except 

substituting methyl isocyanate. for^t-butylisocyanate, the 
25 : title compound was 'prepared. (0.075 nig, ,51%) .^c.Mp 253 W C .(dec); 
-. ... NMR(DMS0d 6 > 57.78 , ( .(lEf..dr. : M.^)^<7.80r5y.96«(lIE,:, : ii)r 6.88 
(2H, is), 5.78 (lH,.d, ff-S Hz) , 5:72 (lH/idiT : J-9^Hz) : ; 7 ^fM' 1 
... (1H, d, J-4 Hz),. 4.65. (lH,-m)., 3i68 .(lH/cq, J-7 Hz)> 3.44 
(1H, br), 2.74 (3H, m) , .2.58 (lH,;.dd, J«7 ;Hz, «13 :Hz)> 2.50 
30 (3H, s), 2.41 (1H, d, J-8 Hz) ,1.92 i(lH,; m)v 1.46 (2H, m), 
... 0.72 (3H, d, J-7 Hz), 0.63K3H; -d;~j*TMi t i::1&(BS)-UnL/9 492 
. (M+HJ+. . : / f. % ; : .j .. , % m) 0 , i ' . 

; *i . . . . ?> -.'.Mi ,'{-■■■ v-x, . 

: % . ' • Examplft 69 . .: 

p^o r aT-a«-<nn nf f9R.4S.SS.1 'S^-S-^hWvlamlnor'arhrin^l Vam<Tio-4- 
phpnylmftt -hy1-h<*xam4d«» 
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Following .the procedure of Examples 67 (a) -67(b), except 
substituting phenyl isocyanate for trbutylisocyonate, the 
title compound was prepared (87 nig, 79%) . Mp 273°C (dec) ; 
. NMR(DMSO-d6) / 8.50 <1H/ 8) , 7.81 (1H, d, J-9 Hz), 7.34-6.83 
5 (18H, m), 6.07. (1H, d, J-9 Hz), 4.99 (1H, d, J-4 Hz) , ,4 . 65 
■ :i.;/(lH, ,t,' J«8.Hz),..3.75 (1H, m), 3.52"(1H, br), 2.777(3H, m), 
^ .•-.■.2.66 (lH,;,.ni), 2V42. (1H,. d,.J-7 Hz), .1.89 (lH, m),, . 1.50 (2H, 
m), 0.68 (3H, d, J-7 Hz), 0 .61 J3H, . d, _J-7 Hz); MS .(DCI/NH3) 
; .; : ro'/e. 5,54.3; i[M+H]+. . . . ,,, .> • 

?> . •. : ■:> .-.< ■ Exsssil&-2Sl :. ;. •■ 

( . . • • (2R . AS. 5S . 1 ' S) -5-W- foropvlnmlnonarhnnvl > sm< no-4-hyrirnry-M- 
; , (1 '-isooropvl-l «-1niirtazo1-?-v11in^hy1-fi^h»nvWfrhy1- 

is, . tiftxflmirift. j % ,. ... ■ 

1 v . ; . Following the; procedure of Examples 67 (a) , except 
•. •::.- .. ; -^substituting .n-propyl isocyanate' f or. t-butylisocyanate, the 
title compound was prepared (0.048 g, 54%). Mp ;247-9°C 
(dec); NMR(DMSO-d6) 87.75 (1H, d, J-8 Hz), 7.23-6.94 (11H, 
20 m), 6.85 (2H, s),;.5.87 T .(lH, t, J-5 Hz)', 5.65 (1H, d, J-9 Hz), 
4.82 (1H, d, J-4 Hz), 4.64 (1H, t, J-8 Hz), 3.66 (1H, m) , 
. 3.38; (lH, .:br), .2.87 (2H, q, J-6Hz), 2.74 (3H,m), 2.56 (1H, 
dd, J-7 Hz, 13 Hz), 2.39 .(1H, d, J-7 Hz), 1.91 (1H, m), 1.43 
(2H, m), 1.28 (2H, q, J-7 Hz), 0:77 (3H, t, J-7 Ha), 0.71 
... r25. (3H, ;d, J=7 Hz) ,. 0.62 (3H, .d, J-7 Hz) ; MS (CI) m/e 520.2- 
[M+HJ + . . v , ; ; , ... .. , s . . . . ., 

r.iyr y •.-:.<- -.>; - ^ U.-- , ; :. • . •■ •: .:•,■>■ 

zc-t l-.r> • .»?. • Example 71 •-. . ... .-.ri: : - ' 

:-oi J',:' • „< ;-i £'.'■•") • .. •.."?!.*: • ."• i- 

::x30src Preparation of (2R.4S.SS.1 ^-S-fn-prrtpyl^nftfrMonn Vmnjno-4- 
hvdroxv-W-n 'isonronvl-l »-4mMaT.r>1-?-y1 >im»f-h Y 1-g- .. 
■,phf>nvlmPl-hy1-Tipyamfri«». % ., • j ; 

; •:• "'.;} :>*?. 'Following the.aaethod of Example. 67 (a).-67 (b) , except 
, (.•:» .>iusing: n-propyl thioisocyanate, the title* compound was 
«:^. 35 .(Prepared (0.012 g,/21%).. : . Mp,195-7°C (dec); NMR (CD3OD) 5 
Mi, ?-.'7..32 T 6.86 ,(12H,:m)/ 4.59 (1H, m), 3.64 (lH,.br), 3.34 (2H, 
: , ; r <br), 2.79 (5H, m),.2.03 (lH,|m), 1.73 (lH,)m), 1.58 (3H, in). 
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0.92 (3H, t, J=7Hz), 0.83 (3H, d, J-7Hz) f 0, -68 <3H, d, J=7 
Hz); MS (CI) m/e 536.2 [M+H1+.'- V ^ " ' *"'•••* 

? Y-» r *ratinr* reff.4S f «;g-i 'fii-s-fisonrm)vlam1nocKrtinnYl)- 

Following the method of Example 67 fa) -67 (b)V except " 
10 substituting isopropyl isocyanate for t-butyl isocyana£e, the 
title compound was prepared (0.034g, 46%). HMR(DMS0-d6) 8 
7.78 (1H, d, J=8Hz), 7.24-6.97 (11H, m), 6.85 (2Hj sj, 5.74 
(1H, "d, J-8 Hz), 5.57 m r d^J^-^^i^B^bs^ d r -3=i Hz), 
4.66 (lH f d, J-7 Hz), 3.62 (2H, m>; -3l43^lH^br); 2.73 (3H, 
IS m), 2.57 (1H, dd, J-7 Hz, 13.5 Hz), 2.41 (lH^d, J=7 Hz")', 

1.91 (1H, m), 1.45 (2H, m), 0.95': (3H,' d; i J-6S5 Hz) , 0.93 <3H, 
d,. J-6..5 Hz), 0.72 (3H, d, J-6.5 Hz) ,?-0.63 i'(3H£: &,' J-6.5 Hz) ; 
- MS (CI) m/e 520.2 [M+H] + . ■ n - :q ■>::.< tw.v* . 

- * ■ . « *t V • .7- i j O ■ * * - - . . 

phenyl Tni»f hv1 -hftxamlde . ; - v . vVi ^/'\v\ . 

25 The compound of Example '67 (a) (0.050 r g; '0^094 mmbl) * was 

dissolved in triflouroacetic acid (2 ml.) and stirred at 50°C 
for 2 h. After cooling, the reaction mixture 'was : poured into 
saturated sodium bicarbonate solution (50 mL) and was 
extracted into ethyl acetate (100 mL)V : The organic solution 

30 was washed with brine, dried (MgSO*) and . the solvent ' removed 
under reduced pressure. : diromatographyr of the"- residue . 
(silica, 19:1 d^chlorometAanetmethanol) gave the'-title 
compound as a white soUd (0..036 g,^ 80%) .V' Mp"- 235°C (dec); 
NMR(DMSO) 5.7.82 (1H,. d), 7,30-6*90;. (llH,;.*).* .6.85 ..(2H, d), 

35 5.88 (1H, m), 4.86' (1H, d), 4.67-(lH, tV,- 3.67 (1H} m) , 3.45 
(1H, m),2.75 (3H, m), 2.60' (lH,Mn); 2/43^;(lH; m)>~1.94 (1H, 
m), 1, 49 (2H, m),0.73 (3H, d) 0.62 (3H;> d) ;• MS: (CI) m/e 
478 [M+H] + . 
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;>■■•:> xr . -i .Example 74 . 

( , ., Preparation of f2R.4S.5S.l 'SWS-fg-ntHtiftl <ny1^1-h^1nvy- 
- V 5 ; cafhonvl) am ino-*4— hydroxy— N— fl y -j snnropvT-1 *-im* H«»n1 -9- 

wr- Using, the, procedure, of Example 34/ except substituting 

* 1} (6-quinollnylmetliyl)-(4rnitrophenyl) carbonate for (4- 

. \picolinyl)-(4-nitrophenyl) carbonate, the title compound was 
10 prepared. . * . - :■ 

.. .Example 75 

fvPrfiparatHcm of -f?P.4fi- SS/1 '£1-5- O^n^ovH affliTm -4-hydraxy-N- 

. io,.-.v.i oJ * '.5;-. • ~. '■..•w.o.. ; * : .lk.y 

J •: *. a),^(2R r 4S>SS r l.lS)-S-ben2oyl)amino-4-tr < . 
• A\ { butyldimethylsiloxy-N- (1 '-isopropyl-l '-imidazol-^-yl) methyl- 
f 20 ' 4 ~6-ptienyJ^ethyl-h^ f.-'' ; ! -\ } "y.o) .. > . . 

Ml) 0: , w The compound! of I Example 13 (a) v (0.11 g>. 0.2 mmol), 
. V U benzoyl, chloride tf 0:0^^ . {;.> 

. [>di(isopropyl)ethylamine (0.026 g, 0.2 mmol). were stirred 
together in dichloromethane (4 xnL) at ambient temperature for 
25 48hr. The solvent was removed under reduced pressure and the 
residue chromatographed:- (silica, 1:1 ethyl acetate :hexane) to 
yield the title compound as a white solid (0.080 g, 61%). 

7.40-7.04 /(11H, m) , 6.93 (2H, d), 
6;69 (2H; s), :6.59v (lH, d); 6.37. (1H,. d), 4.54 (2H, m), 3.68 
30 (1H, t), 2.78 (2H,m), 2.66 |2H, m)> 2.39 (1H, dd), 2.13 (1H, 
vrJLv- ) m ), .1. 623 (2H/ t) , -Q. 87 (9H, s>, 0.53 (3H, d)., 0.48 (3H, d) , 
irfJ 0.02. (3H, s)^ 0.00 (3H,. s) . : * i * 

,rw» ? ! b)-?(2R;4s;5S,l'-S)-5-(bens^ 

.(:35 "isopropyl-lt-imidazol-2-yl)methyl-6rphenyltnethyl-hexa^ 
.1 The. compound ;.of Example 75? Ca) (0.080 g, 0.12 mmol) was 

v v;, >•* dissolved in\THF .(1 mL) ; and to this was added, tetrabutyl- 
ammomium fluoride, 0.16 mL, 0.16 mmol, 1M solution in THF) . 
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After stirring at 40°C for 24 hr, .the solvent was removed . 
under reduced pressure and the residue was chromatographed 
(silica, step gradient, 1:1 ethyl acetate thexane, 9i9:2 ethyl 
acetate rhexane methanol) to -giv^the title : compound as a 

.5 ..white solid' (0.051 g, . 79%) . .:.Mpv253^6?C';'ANMR(DIlSO-dg) 8 7.99 
(1H, d), 7.91 (1H, '•*) , • 7.72~(2H, ••b^7-^'50-7i02:v(i3H, m), 6.94 
(2H, s), 4.83 (1H, br), 4.68 (1H, d) , 4:14 : (1H, m) , 3.58 (1H, 
. d), 2.82 (4H, m), 2;49'(1H/ n)r .ii92>'-(l^. ? «07-1.73.- <1H, t) , 
1.40 (1H, m), 0.-73 (3H, d) 7 0.63. >(3fi* d) ; MS=:(ES) . m/e 539.2 

.10 CM+H]+. ' ' ••>^ : > r • ■-. ox ■ 

, Example, 76 

P ,.» raya «"tnn »-P /9P.4g-«;g.1 'fi\«S-/9-Fiirv1flarhnnvH amint>-4~ 
!5 hyrirnyy-TJ-n '-Isop mpyl-l '-imiriagol-3-vlVniethvl-6- > •;*<. 
phenyl itiftt hyl -hovati amide -J. v.. :*C 

Following the procedure of Example 75(a), except using 
furoyl chloride in place of benzoyl'.'chloride,'. the title* 
^compound was prepared as a wMte~solid^(0i019^g>v 18%) % Mp 
20 212-3°C (dec); l^(O)Cl3/a)30D) v t6.i7.46 r(lH f ;. L s) , ,,7.30-6.88 

(12H, m), 6.85 (2H, s), 6.49 (lH^m) ^4.48 (1H, d), 4.20 (1H, 
m), 3.67 (1H, m), 2.96 (4H, m) ,0 2.77.^ (2H f m) ,X 2;58k(1H, d), 
2.07 (1H, m), 1.71 (2H, m) , 0.74 >(3H; )d) i-0.65. (3H>';d) ; 
MS(ES) m/e 528.32 [M+Hl + ..> .fe? '.< :i. <i!i>..:)? ' 

25 .-.-.« ■■ ■- ■ ■ • ::.*:arrJa:- ««? . ;••£<'• if. 

. iHHratnplft 77 ■ u.: ..•••. .«■ tV, 

hyrfrr>*y-TJ-M so p-rrtpyT-l '-ttiHHa*n1-9-v1 )mftf:hvl-t>- 
30 phAnylwpihhvl-Tiftyahainide • '£ ' Xr'S^^V^X" ; ^r, 0C 

Following the procedure, of • Example, 75 (a) , . except using 
4-methoxybenzoyl chloride in placelof ibenzoyl-ichlpride, the 
title compound was prepared as a white solid (32%) . Mp 235- 
7°C (dec); NMR(CDCl3/CD30D) 8 7y64;\(2H,».;d);, -7.22-6.87 (14H, 

'35 m) , 6. 80 (2H, m) , • 4 .52. (1H, d)"> '4 ?16: (1H; -m) , 3 ,81a (3H, : s) , 
3.62 (1H, d),2.92 (2H, df, 2.72 (2H; m) , 2.53 (1H,. dd) , 1.98 
(1H, m), 1.73 (1H, m), 1.63 (1H> m)* f 0;71J(3Hf d)/i0.62 (3H, 

d); MS(ES) m/e 569.4 [M+HJ+. ■ v v m;. :.: w eni. 
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"C 'V; .T-.V-'.i L it ". * i I. ' " 7 • >- .; m . I' . 

Pr^parM-inn f 2R. 4S. SS. 1 ' S) -5-benzvlcarbonvll ntTiinf>-4- 

- * c^, £S0*:^ -n? : N % -' .0 ;:■ 

.ia t • a). (2R,.4S, 5S/.1 *S) -5-benzylcarbonyl) amino-4-trbutyldimethyl 
zi* . 5 silbxy-rN- (ll:-isopropyl-l , -imidazol-2-yl) methyl- 6-phenylmethyl 
10 -hexanamlde..?.^ ,.:V* . • . n ' 'V - 

.lor Following .the procedure of Example 75(a), except using 
*s phenylacetyl chloride' in place of benzoyl chloride and 
v * triethylanrihe in place of di(isopropyl)ethylamine, the title 
% compound was prepared as a .white solid (20%) . . NMR(CDCl3) 8 

IS.'.. 7^40-6;,75 l(i9H / Vm) r /.S.40':(lH r , d), 4.73 (1H, t), 4.41 (1H, q), 
.rj:;3.;,6a i <lH r -m)-;r.3«48:.(2H; v s)-/ 2.96 (1H, dd), 2;69 . <1H, a), 2.49 
(4H, m), 1.61 (2H, m), 0.92 (6H, t) , 0.77 <9H, s), 0.04 (3H, 
s), 0.00 (3H, s). 
t ; — :v ;r... v: r; . ;/ . : , . r v 

-20 ivb) •. (2R,4S,5S, l , S)r5-ben2ylcarbonyl)amiJio-4-hydroxy-N-- (!.•- 
isopropyl-1 1 -imidazol-2-yl) methyl-: 6-pheny Imethy 1-hexanamide 
' vote: . The > product: of: Example 78 l (a) (0.018 g, 0.03 mmol) was 
.uv... .- .dissolved in methanol (5 mL) ; and 2N hydrochloric acid (0.027 
.or; ycmL, 0.06 mmol) : was added. After stirring, at ambient 
k25 . temperature .for 18 h the solvent was removed under reduced 
pressure and: the residue was chromatographed (silica, 
gradient, . dichloromethane/methanol) to yield the title 
^.compound (0,011 g f 66%). Mp 240-2°C; NMR(CDCl3/CT>30D) 8 

^7;38-7.06 V(18H,. m) , 6.98 (2H r s), 4.72 (1H, d), 4V14 (1H, m), 
! 30 .(3.67 (1H, m)i, ;3, :54 . (2H, a), 2.99 t (4H, m), 2;67. (1H, m), 2.14 
» a ^)(lH/ .m) / . 1.8.7; (lH r . m) f . 1.63 (lH r m), 0.94 (3H, .d), 0.79 (3H r 
.*: [ d)j MS (ES) ,m/e 553.2 (M+H] + . 

Example 79 

.if ^Preparation of (2Rt 4S ; 5Stl , R)-S^f4"]iydroxYbf:nig5oyl)amlno"4" 
«i. rhydroxy-N-H ^Ifiopropyl-l '-imldazol^-yDmfithyl-g" 
.^^phenylmftthyl^hexanamlde .;• 
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a) (2R,4S,SS,l , S)-5-(4-acetoxyphenyl)-4rt-butyl 
dimethylsiloxy-N- ( 1 '-isopropyl-l '-imidazol-2-yl) methyl-6- 

• phenylinetliyl-hexanaiaid^i^ ^ ■ al-'jayz-.rt 

5 The compound of : Example ' 13 (a) (O.il g?'*0v2?nmol) was 

dissolved in dichloromethane <2*iBL) ^'and ^sfce^gent (0.089 
g, 0.2 mmol), triethylamine (0.028 ml, 0.2 mmol) and 4- 
:■ : acetoxybenzoic acid :(0;043;jg^ : 0>24-tnBoif werja/added. After 

stirring at ambient ten^era'tufe-overnightvtte- solvent was 
10 removed under reduced pressure. The "residue^was -*H- £■ 
•.chromatographed (silica, 49:1 idichlorome^Aane methanol) to 
give the title compound as. a white, solid (0.11 \g,:<78%) . 
.. -NMR(CDC1 3 ) 8 7.53 (2H, d), 7.28-6.97 .(lSH^ m) ,.-. 6.83 (1H, d), 
iC 6.78 (2H, s) f 6.44 (lH,"d), 4.54 -(2H/' m) V 3. 72 --(1H, dd), 2.79 
15 (4H, m), 2.49 (1H, dd) , 2.24 ;(3H, s) /. 2'.20 <(1H, m),v 1.70 (2H, 
: . m), 0.91 (9H f s), 0.66 (3H,-d), 0.57 J(3H, d) ,i 0.07- (3H, s), 

0.02 oh, s). ' - ••••• i ! : • 

• ; • . i\. ■ -j' t.'l hv • " • 

b) (2R,4S,5S,l*S)-5-(4-hydroxybenzoyl)ainino-4-t-butyl 

20> dimetliylsiloxy-N- ( 1 * -isopropyl-l ' -imidazol-2-yl) methyl-6- 
phenylmethyl-hexanamide -■ ^ : £ ■ ' 

The product from reaction 79(a) (0illig,"'0.15 mmol) vas 
dissolved in methanol • (5. mL) .'and powdered potassium' -carbonate 
(0.12 g, 0.9 mmol) was added. . : After .st^ingj the- suspension 

25' vigorously for 2h, the mixture Was : f iltered "and the solvent 
■. removed from the filtrate at reduced pressure' ;f " 
Chromatography of the residue, (silica, .19:19:2 ethyl 
acetate : hexane :methanol) -/gave : the titie-'coApojund as"a white 
solid (0.066 g, 66%) . NMR(Cbci 3 ) 8>7.35i: ; (2H^* d)^;7ji4-6.98 ' 

30- (12H, w) t 6.67 (4H, m), 6.32 (1H, d) , 4*63 (2H/ m),'3.76 (1H, 
dd) : , 2.78 (4H, m), 2.44.' (lH, »d) /-2.12' »''dk/Wr' S l< <2H, ' if , 
0.88 (9H, s), 0.44 (3H, d)} ? 0.32 . (3H, d)> OiOS I (SH^'a) , 0.01 
(3H, s) . 

35 c) (2R, AS, 5S,1'S) -5- (4-hydroxybenzoyl) amino-4-hydroxy-N- (1 
. isopropyl-l • -imidazol-2-yl) xnethyI^6^henylmetHyl-hexananiid*e 

Following the procedure of Exainple -75 (b)V except using 

.*.-•- • •* * . *^ *-.**•* • 

the compound of Example 79(b) 'iri place of thfe 'confound of * 
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Example 75(a), the title compound was prepared as a white" 
solid (57%). Mp 267-r8°C (dec); HMR(CDCl3/CD 3 OD) 5 7.57 (2H, 

. ? f . .d') # 7.33-6.75 (ijflr .m), 4.48 (1H, d) , 4.14: (1H, .xu) , 3.5S (1H, 

d) , .2 . 90 . (2H,, m)., 2 .82 . <1H, m) , 2 .73 (1H, m) ,., 2 .53 (1H, dd) , 

5 2.04 (1H, m), 1.65 (2H, m), ; 0.73 <3H, d) , 0.58 (3H, d) ; MS 

... (ES)%m/e. 555.2 -W+H1+;. . 

/ -r ... . ' Fixamplft 80 .... 

10 Preparation nf f9tt.4fi.SS.1 'S)-g-fnfnnafflOvllaffllno-4-hvrtroxv-N- 
H '-inoprnpyl-l '-■ tTii^dagol-?-yltTnft1 -hyl-fi-phftnylTrfjfhyT- 

-r.. h£xanamlds. : . ...:.'--v; ? . . • ■• 

.-• Following the procedure of Example < 75 (a) , except using 

cinnamoyl chloride in place of benzoyl chloride, the title 
15 compound was prepared as a white solid (25%) . Mp 273°C; 

MMR(CDC1 3 /Ca)30p)..5 7.55-,6.91 (19H, m) , 6.86 (2H,. s) , 6.53 (1H, 

d), 4.37 (lH,.,d), f 4.15- (1H, dt) # . 3,62; : (lH,, d)V. 2.91 (2H, m), 
x( .;.2.78 (2H,,m),:2.59 >: (lH, dd), 2.04. <1H, m), 1.76 (1H, m), 1.65 
(1H, m), 0i79r(3H f :d), 0.69 (3H,d); MS : (ES) m/e 565.2 
.-.20./» CMW1+.- Uc -a • • • . , •-• 

r > ^ * . r . r - v ■ ■ ; • • ■ 

i. -iJ^:-i. j'iT.C v. W (. BKWUPlft fll / . • : •> " ' 

_r--'<: ._.-;-*r.- :• • . . ^ • - • 

■ ; : ; , r Pt- Ap»T-af<nn rvf 4S. BS. 1 'SI -S- (2-hvdroxvbenzovl 1 amlno-4- 

' »« : ■•hy^-^wy-TJ-M «— ■< grrp-t-rrpy 1 — 1 H^rtarnl -9-vl> mt»r.hvl-6- .- 
■ i:. phenyl trnM-hyl-npixanamlde . • . 

a. r. n, Following the procedure of Example 79(a), except using 
£.£ , (2-acetoxybenzoic<acid' in place of 4-acetoxybenzoic acid, the 
title. , compound was prepared (50%) . . Mp 197f»C;- NMR(CD 3 OD) S 

30 7.77 (1H, d), 7.42-6.78 (17H, m), 4.62 (1H, d) , 4.32 (1H, 
Joxfil-idt)., ,3.71 ,(1H,. m)., 2.94 (2H, m), 2.78 (2H, m),, 2.57 (1H, m), 
2.03 (1H, m), 1.84 (1H, m), 1.67 .(1H, m) , 0.82 (3H, d) , 0.68 
(3H, &)t t MS (ES), f: n/.e 555,2 IM+H]+. 
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. ■ • jr.- RXfjlTTple 82' Vi-' r ? 

P r fra rpHQ^ f».-4S .Ss;i«gl-^Yii^ 
d-hydroxy-W-n'-isr tpTv^^ 
5 ; r WATivlTii^hy T^^rtaTnide ■ . fc\ J / > ' '* *°r. S " ' ~ 

Following the procedure of : Exai^le ? 79 (a) -79(c) f except 
using (imidazol-4-yl) acetic acid in .place of 4-acetoxy 
benzoic acid, the title compound was prepared. 

io , Example Sfr^ ~s : 'k^a^i ; 

Preparation nf f2R,4 5=s-5S.i'SW5-ft-butoxvcarbonvl>aTnino-4- 
hyrirnyy-KF-M '-isop rnpyl-1 ^f4^earbomethoxvethVllmidazol-2- 
yl 1 Imftthvl -ff-pngnvl-?^^ 

a) (IS) 1-carbobenzyloxyamino-l-iso 

. • carbomethoxyethylene) imidaibl-2-yl) ]metliane ^ * * 

• The conpound of 1 Example 27(b)*(it)G i^^;^^3>-Ubl);' 
' lithium chloride' (28 mg, 0,66 mmbl) ahdV'.i) , .[-;. J'.n 

20 trimethylphosphonoacetate (61 mg, 0.33 mmol) were><Iissolved 
in anhydrous acetonitrile (2 ml») . l r 8-Diazabicyclo [5.4.0] - 
undec-7-ene (55 mg, : 0.3$ mmol) was added and the reaction 
mixture was stirred at room temperature overnight. The 
solvent was removed under reduced, pressure and the ".residue 

25 was purified by flash chro^tography~(silicaa, ;2%imethanol/ 
dichloromethane to afford the title .compound. (72:mg;: 61%) . 

...r . NMR(CDCl3) 5 7^60-7.10 (6H, m), 6.50. (lH,ybr s) , 6^10 (lH f br 
s), 5.15-4.95 (2H, m), .4.50 . (1H, brr m) /1 3.75. (3H/. s) , 2.30 
(1H; br m), -1 . 10-0 . 80' • (6H;f m^MST m/g -358?2« ; [M+H J+i * 

30 - ■ * .<? *"v. •* 0? 

* b) (IS) -1-amino-l-isopropyl-l- (4-carbomethoxyethylimidazol-2- 
yl)methane . . - ; - 5V *\*: r v.; f "'J \ :! * . .. 

Following the procedure of Example ? l v (b) ; ^except 
substituting the compound of Example 82 (a) for the compound 

35 of Example 1(a), the title compound' was prepared.' NMR(CDCl3) 
8 6.65 (IE, -s), 4.40 (2H, br s) , 3.82 (IE, d, J=3 Hz), 3.65 

(3H, s), 2.90-2.55 (4H, m) r 2.05 (iff, "m), O.^'^h; 1 df 
J=3Hz) . 
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c) (2R, 4S, 5S , 1 ! S) -5- ( t-butoxycarbonyl) amino-4-t-butyldi- 

xnethylsiloxy-N- [1 J -isoprqpyl-l 'r (4-carbomethoxyethylimidazol- 

2yl) ] methyl-6^h^yl-2^henylmethyl~hexanamide 

5 Following the procedure of 'Example 1 (c) except using 

the compound of Example 82 (b) f the title' compound was 

prepared. NMR(CDCl3) 8.7.35-6.90 (12H/ m), 6.55 (1H, s), 

.4.75 ,.(1H, d,. J»4 Hz) , 4,45 (1H, m) 3.95 (1H, m), 3.70 (3H, 

• " ; ' • 5° < (9 *f *f r 90 ^ 1 • ; 60 • (2H ' 1.38 : (9H f s), 

10 * 0.90-0.70 ^(15H,^n), 0.10 (6H, d, J=2 Hz). 

- d) .f2R/4S,5S,l/S) -5- (t-but03^carbonyl)amino-4-hydroxy-N- 
. : ; [l , ~isopropyl-l l -{4-<^rbome1Aoxyethylin^ ] me thy 1-6- 

phenylr2-phenylmethyl-hexanamide. .... 
15:: , . } Following; the procedure , of Example of 9(d) except using 
j the compound; of Example ( 83 (c) , the title compound was 
prepared/ NMR(CDCi3) 5 7 .30-6.90 (10H, m), 6.55 (1H, s) , 

5.00 (1H, d, J-4 Hz), 4.45 (1H, m) , 3.70 (3H, s) f 2.95-2.50 
(9H, m), 2.25. (lE^.m), 1.80-1.60 (2H, m) , 0.85 ,(9H, s) , 0.70 
20 (6H, d, J-3 Hz); MS m/e 621.4 [M+HJ+. . ...... 

-i- v * : Example 84 . . . . * j , . - *- ' 
<f Prftpnrntlon of f2R»4S> 5S,1 ^l-s-ffi-butpxycarboriyl)^^^- 

25, hydrovy-N- M '-isopropyl-l f 4-ca*bf»xamidoiiniriagft1--2- 

? y1 * Ifflftthyl-fi-ph^ , . 

. ^a) : . ; (lS).-l-carbol^zyloxyand^ . 
. • (hydrazinocarbonyl) imidazol-2-yl) ] methane 
.30 c _ , Anhydrous hydrazine (47 jiL, 1.5 mmol) was added to a 

solution of the compound of Example 26(b) (100 mg, 0.30 mmol) 
in anhydrous methanol. .The resulting mixture was stirred 
^ overnight at room temperature and concentrated under reduced 
pressure. The residue was partitioned between ethyl acetate 
35 and 10% aqueous. Na2C03 and the organic extract was dried over 
Ka2C03 and evaporated under reduced pressure. The residue 
[, was purified, by. flash chromatography (silica, 4% 
me than pl/dlch lor ome thane) to afford .the title compound (52' 
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mg, 52%). NMR(CD30D) 8 7.50 (1H, s) , 7.30-7.20 (5H, m), 
• ; 5.00-4.90 (2H f in) , 4.45' (1H, d; J=6 Hz^ 2.10 (ia; br m}, 
0.95-0.75 (6H, m) ; MS m/e 332.2 [M+H]+ ^ '; 

5 b) (ls)-l-carbobeiizyloxyaiidjao^l-is 

" a2idocarbonyl)lnddazol-2-yl] methane ^ ^ > .,^ l .. a0 

The compound of Example 83 (a) tos * dissolved in 2H HC1 (1 
mL) and glacial acetic acid (0.2 mL) and cooled 'in Ian ice 
bath. A solution of sodium 'nitrite' (11; mg; "'0^16 imfol) in H20 
10 . (200 jtL) was added drbpwise. 0 5 The- reaction 'mixture 'was' 
stirred for 0.5 h, neutralized with cold concentrated 
"• atrimohium hydroxide and" extracted with- ethyl- acetate^. • : The 
organic extract was dried- over Na2C03' and the? solvent removed 
in vacuo to yield the titie : compound ' (54mg." 100%) s . 3 ' £ 
15 NMR(CDC13) 6 7.75 (1H, S), 7;35-7.20 (5H^mj| 5.20-5.00 (2H, 

m), 4.62 (1H, br m)/2.60 (1H br m), lJlO^iBO^^iii); IR 
*" 2123cm" 1 (CON3). " 



& 25 



•1 
30 



c) (IS) -1-carbobenzyloxyamino-l-isbpropyl-l- (4- 
20 carboxamidoimidazol-2-yl) methane 

The compound of Example 83 (b) was dissolved In 2 tiL of 
ethyl acetate and stirred with of concentrated ammonium 
hydroxide (1 mL) at 0°C for 0.5 h, then at room temperature 
overnight. The reaction mixture was ^dUiuted Vlth H20, 
extracted with ethyl acetate, and 'dried 'over Na20CJ3* Eke 
solvent was removed in vacuo and the rksidx^ 
flash chromatography (silica, 4% methanol/ dic^oromethane) 
to afford the title compound (50ing, 100%) v NMR(CDCl3) 5 7.45 
(1H; s), 7.25-7.10 (5H, m) ', 5.00-4.85 {2E/^ 
J«3 Hz), 2.00 (1H, br m) ^' 0.90-6 170" ^e*3i7.~2 



. [M+H]+. 

' d) (lS)-l-amino-l-isopropyl-l^(4-carbbxamidoimidazol-2- 

yljmethaine. r • %ri 

35 Following the procedure of Example Kb), except 

substituting the compound of Example 83(c) for. the conpound 
of Example 1(a), the title confound 1 wa^ 1 prepared! '*mfiR(CDCl3) 



; 
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' ' . * * '* Example BS 



5 7.45 (1H, s)., ."3.47, YlH, d, "J-3 Hz) , 1.80. (1H,' br m) , 0.75- 
. O.«0 <6H, m) . fi ,., 



..... 4 e) ; (2R f 4S f SS / l , S)-5-(t-but03ycarbonyl)amino-4--t-- 
, m , 5 . butyldi^ettylsiloxyrN^ [1 '-isopropyl-l • - (4- v 

carboxamidoiirdda20lr2-yl) ] methyl-6-phenyl-2-phenylmethyl- 



. :i t • hexanamide . .... . ' ,• , • • , 

., , r Following the procedure . .of. Example 1 (c) , except using 
, ir v the. compoun&jpf Example 83 (d) , the title, compound was 
.10 prepared. M^"(CpCl3). ,5 7.50 "<1H, S ) , 7.45 7 6.90 (11H, a) , 

,; ; ,U 6. 25,._(1H, d, J-4 .Hz)., ,4.50 . <1H, d, .J-6Hz) , r 4>10. (1H, br.m), 
J..--) •■■^.3.60....(« f ^m) 2. 90-2.40 : <5H, n),.l. 90 <1H, br . m) , . 1.70-1.50 
it; .',..».<2H n br A m) #> .i.35 (9H, s),.-0.90 <9H, s), 0.70-0.60 (6H, ju), 
{-o. ; 0.10 (ffi) m). . ... . ' ".'* 

f) (2R / 4S / 5S,l , S)r5-(tH3utoxycarbonyl)am^o-4-hydroxy-N- 
[1 '-isopropyl-l (4-carboxamidoixnidazol-2-yl) )methyl-6— 
. phenyl-2-phenylmethyl-hexanainide . 
- o • .S? 1 ^ 0 ^?-^ 1 ": procedure ..of . Example.. 9.(d) ,except using the 
;i 2 . 0 ... .?.°WP!??3...?£. Exa *S >le 83 . (e). , the ..title, rompound was. prepared. • 
0 \^<V30D) S S.7 > .;4S' (1H, 8), 7.25-6.85 (10H, ' an), 4.50 '(1H, d, 

o«?: '. :> J r^: Hz >';. 4 'i 10 ;. ^ LH ' i 3 *60 (1H # m), 2.85-2.50 (5H, ..,»), 2.00 
- . (lH,tbr m),; .1.80-1;. 50 (2H, m) r 1.30 (9H, s), 0.80-0.65 (6H, 

. ? , jo); ,, MS ^ in/e,, 578.2 b [M+H]+.. , , . . 

25 ( i! .... .0' ■•■ .- ; : . 

.S.!'.' . • V < ;.. , .; :-• .- 

,i h , : . ^^P 3 ^^?! 1 ?f *?. R / 4 .?.-. 5 , S - 1 ' S> -9-«>i*»nylTnAt : hvl-4-hvri^ ft w-,«;~ tS- 
. f l-OXOPiv>pvl|-2-thiagoly1 1 Hminol -.fi-rrtio nvl-M- M '-tsnprmvl -1 

30 ' \ - 

;. t . a).., (2R f 4S,5S, l , S)-2-phenylmethyl-4-t-butyldimethyl-siloxy-5- 

J.'^ 0 ^ 6 ^^^^^ 1 "^- (1 VAsopropyl-l (imidazo-?2-yl) ) methyl- 
*■ . v j»ejxaiiajiiide tm , : , J , ." s , ,.' t . , f , . • . ;,• , , ,. : : : . ,, 
A solution of .benzoyl, isothiocyanate (prepared - from 
3 ^ ; . (^ on f^ :t ^? c y^ a ^^ mmol)i and benzoyl chloride 

. r ,.<257 mg, 1.84^.nunol)^in of acetone (10 mL) according to the 
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procedure of J. Amer. Chem. Soc, 56, 1408 (1934)) was 
treated with a solution of (2R,4S, 5S, 1 • S) -2^)henylmethyl-4-t- 
.' butyld^ethylsiJLbxy-S-ami!no-6^enyi-N- (l v -^opropyi-l'- 
(imidazo-2-yl) ) methyl-hexanamide (1.0 gv "1 . 83 mmol) ' in 
*s acetone. After 20 min at 23°C, the solvent^ was evaporated, 
and the residue was 1 dissolved in &ethyl*4t3»£ : The ether 
extract was washed wtth'imter^ ' dried^ Vaad^^'^so^vent was 

• evaporated. This residue; wks v dissolved'' irt' of ".lleOH "(25 mL) , 
treated with 2.5N NaOH (0.1 mL) and heated -to^O^C •'for 30 . 

10 min. The solvent was evaporatied; and the 'Residue ; was 

dissolved in EtOAc . : " The brgahic^soiut'ion 1 wa^ r 'washed with 
water, dried, and the solvent* 'evaporated. The" residue was 

• chromatographed (silica, 5% MeOH/CHCi 3 | tb yield-'the title 
compound (520 mg, 47%) . HMR(DMSO) B l.B0 HVlLpd) y '?-i.35 (1H, 

IS d), 6.70-7.20 (15H, m), 4.69 (lHft)/ 4^54 W mV;'3.78 (1H, 
m), 2.72-2.86 (3H, m), 2.54 (lh, dd), 2:42 (IH^ dd)? 2.04 
(1H, m), 1.82 (1H, m), 1.30 (1H, m), 0.92 (9H, s), 0.86 % '{3H, 
d);- 0".74--(3H, d>, 0.15*'(6H/d) > . :, "-- J ' i824 ^ v<lS) 

•• •• - : '- !; : ) * 4 W™V>*- ' ' * 

20 b) dimethylformaTnJriino derivative ^of-'i&^^^Sj^r- ^ 
■ phenylmethyi-4-^ettyi-t-butyl sliyioxy^5« : ^oureido i 6-^ n 
- " phenyl-N- (i '-isopropyl-l (ia&daz^^ffi^ 
'"' 5 ' ' ' " A solution of 'the Compound of Example ^BSli^ iiil mcf*; 0.2 

• : v mmoi) '^'timefaitbraatiArik dime^iMx£& s '{24 : &Fb'»& mmol) 
is • <f in CHCI3 ■ (2 mltf; was -stirred at: 2W'for 16 h n . *%ie^solvent 

and excess reactant was removed uh'der nlgh* > vabuum, ; and the 
residue was chromatographed (Florisil®, 2% MeOH/CHCI.3) to 
yield the title compound (100 mg, 76%) . MMR(CDCl3). 8 8.82 
■~ '" (1H, s), 7:0*5-7.40 (i2H,'m) r , 6:76~*(£h:; b'r^ ^760^111, d), 
30 5.32 (1H, W> 4. 66 (lH,-o^)V 3:88^3^^ 

3.05 (3H, s), 2.70-3.04 (4H^ m) 2Vi<F J i&?id'f i: && : *(2H, m) i 
1.00 (9H, s), 0.80 (6H, dd) , 0.14 (6H, d) . 

'■*. *■■ * "* 

c). (2R,4S; 5S, l'SJ'^-ph^ 
35 silyloxy-5- (5- (1-oxopropyl) -2-thiazolyl) amlnfe')^%^fienyl--N- 
(1 • -isopropyl-1 (imidazo-2-ylV) methyl-h^a^e^ . . 
' » A solution of the caxnpound off : Exanqplc 1 85 (6) (i00 ntg;* 

0.15 mmbl); l-bromo-2-butanone (25* mgV n 0;l65 Wnol)';^and 
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r*> \i: triethylamine^ (33 mg, v 0.165 inraol) in acetonitrile (10 mL) was 
. ^ . 0:iI /. 4 ; heated at r( 80^ evaporated, and 

the residue shaken with a mixture of diethyl ether and 
, aqueous NaHC03.,. The ether was seperated, washed with water, 
* , 5 > dried, vandr the.- solvent was , evaporated. The residue was" ; 

,~ recrystallized^from admixture of CHCI3 and hexane to yield ! 
» . .. .the title. compound. (59,mg,..5?%) .. NMR(CDCl3> 5 7.75 (1H, s), 

M-7.02r-7.38o((10H r .m) / 6.88j(2H, m) ,. 6.80 (lH/^br s)_, 6.70 (1H, 
< :t (o^y d), i: 6,60 .(lH^ d), a 4.62; (1H, ; t), -3.96, <1H, m), ...3.78 .,<1H, t) , ; 
:10. 2.82... (3H r r.m), 2.72- (2H, q)i 2.54 <2H, m) , : 2.20 l<1H,, m) \,, 2.04 
(1H/ &).,,;.!. 66 (1H, a),; 1.15 (3H, t),0.96 (9H,,s), 0.72 <6H, 
, >># 0.10 <6H« d). V! . :< : • ; ' ; } 

. v, ; ;V.d) . . ; (2R,4S #l -58^ l'SJ-a-phenylmethyl-^hydroxy-S-tS-Xl- * , 
15 oxopropyl) -2-thiazolyl) amino) -6-phenyl-N- ( 1 • -isopropyl-1 • - 
( i mi dazo-2-yl) ) methyl-hexanamide 
- ;. A* solution of r the compound of Example 85 (c) (50 mg, 0^07 
•■->J mmql) in-(2-mL) of THEVwas treated with), of tetrabutyl- 

ammonium fluoride, (0.2 ml*, IN solution in .THF),58°C for 1 h. 
20 ,The>.solvents were -evaporated, and the residue dissolved , in 
a*, . . :r ether . > : The < ether was. washed with water, dried, .and, the 

solvent, evaporated. The. residue was chromatqgraphed (neutral 
r; f: alumina) : Activity ^V, impurities removed with* 2% MeOH/EtOAc, 
(ii p . product eluted with 5% HeOH/CHCl3) to yield the title 
v 25 .compound: (22 mg/ 55%) . NMR(DMSO)* 5 7.75 (lH, v s) , 7.66 (1H, 

d), 6.80-7.30 (13H, m) , 4.93. (1H, brs), 4.78 (lH,t), 3.78 

(1H, m), 3.68 (1H, dd), 3.00 (1H, dd), 2.92 (1H, dd) , 2.86 

(1H, m), 2.80-2.90...(lH, br), 2.76 (2H, q), 2.56 (2H, m), 2.12 ' 

(1H, m), 1.74 (1H, m), 1.69 (1H, m), 1*20 (3H, t), 0\80 (3H, v 

:J;!30 :: v.d) r O.T^^OH^dJvi^; - : P 1 . . ■ \ - : ..." ; 

. Preparation of (2R>4St5S>l , SH2-phftnylmftthylH-hydrQxy"i?"f5-- 
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a) ■(2R,4S,5Sfl , S)-2^henyln(Bt±yi-4- ; 5j^eto 

5- (2-tMazolylamino) -e-phenyl-N-^l • -isoprppyl- f l ' - (iinidazo-2- 
yl))methyl-hexanamide. * < 5.«Wjiw. 

The compound of " Example 85 (a) (50 mg, 0 .08 mmol) in 
*5 CHCI3 (2 mL) was treated with dtiloroacetaWehyde^ ; (5'0 mg, 0.64 

mmol). After 20 min the solvent and excess reagent "were 
evaporatedV r; The residue" w^ washed with 

aqueous NafiCO^ dried and thfe^solveiit > evaporated'.'^ • The • 

residue- was* 'chromatographed- -(Florisii® r 6Q% EtOAc/tfexane) to 
10 yield th^ title compoiind (42 mg f ;83<) i NMR(CfiCl3)'*5 7.12- 

• 7.30'UOH, A), 7.02 (1H; d),6.92 (2H> m)-, 6.82 (iHj br), 
6.62 (1H, br), 6.38 (1H, d), 5.86 (1H, br)*; 4158 (1H, t), 
4.00 (1H, m), 3.86 (1H, m) , 2.85 (3H, m), 2.52 (2H, m) f 2.26 
c '(lH r m), 2.16 (iH, m), 1;68-(1H/ m) ,' 0.98 . (9H/'s) , 0.70 (6H, 
15 t); 0.12 (6H, d) ; • ' *-'V ^ - ■\:\ ^^ ;> ^ 

b) (2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (5- (1- 
'oxopropyl) -2-thiazolyl) amino) "-fr^phenyl-N- (i '-isppropyl-l 

■ (imidazo-2-yl))methyl-hebbnamidei } : - .--yir vr. 

20 ■ Following the procedure of Example' 85(d) , f except 

substituting the compound of Example 86(a) ^f or the compound 
of Example 85(c)/ the title compound was prepared*. 1 
KMR(CDCl3/DMSO) 5 6.80-7.42;c (14H, m) >r 6V40^(2H> ; :m)i r i:5.18 (lH r 

br); 4.74 (1H, t), 3T.70 ' : (lH> ? m)V. 3Vfe2' (ixf'm), 3iW^(2H, m), 
25 \2.88 (2H, m),' 2.58 (ik/ m) , : 2.18^ (1H, mj / ^.8^ r (2^ V m) / ^1-72 

-(6H, dd). : ' * * •*- v ^ :il/ 

,- . .» i z:. ' 

Evamplft* 87 -3?':.!: , ^i. r > 
* * t. * : « •.*.-!". ? 1**. < i . 0 

30 Preparation »f f?tt . Aft. 'SI -?^hftnvlWl:Kv1-4-hvdro3ev--5- f S- 

prftpy1-?-1-h<a^olYl >atninn>-fi-phpnv1-W-fl »-i SOT>ropvl-l '- . 

Hin<rfa*n-?-y1 ) ImPrhvl-hMfanamlde 

* 

• "• a) (2R,4S,SS / l , S)-2^henylmetKyl-4-%-butyiaimeto^ 
35 ? (5-propyl-2-thiazblyl jamSioj -6%&^yl^N-'a' , -isopro#i^l « 
(inddazo-2-yl))methyl-he3raaam£dei^ *-' B ' J - 

A solution of the compound of Example 85 (a) (120 mg, 0.2 
mmol) in CHCI3 (5 mL) was treated with.' 2-bromovaleraldehyde 
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•/ . .".-(100= mg,> 0.6. mmol). and warmed to 60°C for .30 min and 80°C for 
•■:<.: j,»!> 5 min.. . The solvent/ and excess reagent were removed under 

reduced pressure.;. ->Tha residue was dissolved in EtOAc, washed 
?l * t:^with;Aqnec«8:K2003 # :}dri6d, and the solvent evaporated. The 
5 residue was chromatographed (silica, 3% MeOH/CH&3) to yield 
the title compound (55 mg, 41%). NMR(CDCl3) 8 7.10-7.30 
(10H, m), 6.88 (2H, m) f 6.72 (1H, br), 6.68 (1H, a)* 6.60 
(1H, br), 5.60 (1H, br), 4.62 (1H, t), 3.94 (1H, m), 3.78 
(1H, t), 2.82 (38, m), 2.50 (4H, m), 2.26 (1H, m), 2.04 (1H, 
10 m), 1.66 (1H, m), 1.55 (2H, sextet), 0.94 (9H, s), 0.92 (3H, 
t), 0.70 (6H, dd), 0.08 (6H, d) . 

b). (2R,4S, 5S,' l , S)-2-phenylmethyl-4-hydroxy-5-(5-propyl-2- 
thiazolyl) amino) -6-phenyl-N- (1 • -isopropyl-1 • - (imidazo-2- 

15 yl))methyl-hexanamide. 

Following the procedure of Example 85 (d) , except 
substituting the compound of Example 87 (a) for the compound 
of Example 85(c), the title compound was prepared. NMR(CDCl3) 
5 7.50 (1H, br), 6.90-7.24 (10H, m) , 6.78 (2H, s), 6.60 (1H, 

20 s), 6.18 (1H, br), 5.76 (1H, br),.4.60 (1H, t), 3.68 (1H, m), 
3.52 (1H, m), 3.05 (1H, dd), 2.95 (2H, m) , 2.82 (1H, dd), 
2.62 (1H, m), 2.58 (2H, t), 2.32 (1H, m), 1.86 (2H, m), i.~60 
(2H, sextet), 0.96 (6H, t), 0.75 (6H, dd) . 

25.. RvanmlA flft 

Prftnnratlon Of f2R.4S.SS.1 •Sn-S-tnin.e>i-A n y^amA nn -*-h Y*<rr>*y-ia- 
fl '-ISOnrODVl-l '-Imlday.ol-y-vniti^hYl-fi-^nhAti^linA ^hvT-hAvain^fl. 

Following the procedure of Example 75(a), except using 
30 nicotinoyl chloride in place of benzoyl chloride, the title 
compound was prepared as a white solid (43%) . Mp 233-4°C 
(dec); NMR(CDC1 3 /CD 3 0D) 8 8.81 (1H, d), 8.59 (1H, dd), 7.99 

(1H, m), 7.35-6.86 (14H, m), 6.79 (2H, s), 4.44 (1H,. d), 4.19 
(1H, dt), 3.59 (1H, m), 2.90 (2H, d), 2.68 (2H, m), 2.52 (2H, 
35 m), 1.96 (1H, m), 1.71 (1H, m), 1.58 (1H, m), 0.70 (3H, d) , 
0.58 (3H, d); MS(ES) m/e 540.2 [M+HJ+. 
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* • The above description fully discloses 1 how to 4 make and 

> use the present invention. * However*v the present ^invention is 

, not limited to the particular embodiments* described: 

• hereinabove, but includes all* mbdJLf ifeat ions * thereat within 

'.5 thet scope of the following claimsl*;fc *: rtfc> ^ftSsjrv < 
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What, . is tj claimed, is:, hi , ' , 
., .1. , . A t compound of. the formula (I) : 



R 1 R 2 

,R* 




wherein : 



OH I? 

; (I) . ; 



./^ • R 1 and R^ are r each independently Q, Q-Ci-ealkyl, 

Q-C2-6alkenyl r ChC2-fialkynyl or C^alkyl substituted by one 
10 to five fluorine atoms, each optionally substituted by R 23 ; 
Q is H, C3- 6 cycloalkyi/ Cs^cycloalkenyl, Ar or Het 

. ..... ? 2 .., is ...? oxjORi; 

R< is RMm^ or COHR^CTRSr 7 ; 
R s is R 6 -NR 13 - or r10_nr11_. 

15 R? is r Nrr ^R» ! ; . 

•> ? ;• •«■«• x is KR 11 ; O or S; / . 

•- : R 7 is Q, Q-C 1 _jalkyi or Q-C2-galkenyl; ■'• 
:;>,• ; R 8 •'and > R 9: ^are each independently H," OH, halo, NO2, COR 12 , 
<■ CF3, ; Ar; • Cii 6 alkyl-RlS/ or R"(Rl8Rl9c) m , or together form a 
20 fused C2-4alkylene, aryl or heteroaryl moiety; 
R*° is A-{B) n -; 
■ - .Ril 'is H'or Cj-^alkyl; ' -r l*' 2? 

' .R^'is'R 7 , OR 7 , : MR'r 11 or an amino acid or -amino alcohol; 
' B is an amino acid; cr :- 
< 2s i-.'.v • A-is H/' Af, r Het," R«(R"r19 C )^ Ar-W, Het-W or 

»' R 17 (R 18 R 19 C) m -w; { -or phthalbyl each optionally substituted by 
c ; . : ^ one; to 0 three 1 groups ;t chosen from R 15 or Ci-6alkyl-Rl 5 ; r 
H is C-O, OC (-0) , NRllC (-0) SC <-0) / NR^C («-S) ? SO2V 

30 it- .-•<«.• RiSv£ 8 -.- H ;.- nitro p 'd^allcba^; C^alkylthio, OtC-OJR", 
C-OR22, CQ2R 22 , C0N(Rl«) ; 2 / N(R22) 2 , NHC(«N)NH-A, I; Br, CI, P, 
OR 10 , or OH, provided that when R 1 ^ is a substituent of the 
carbon adjacent to W, R 1 * is not halogen or OH when W is 
0C(-0) or NHCO';' ■"• il ."i - ■ • 

35" R 16 is H or Ci-galkyl; 
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Ri ? , R 18 and R 19 are independently : ' i) H, R^ or 
Ci-4aUcyl, C 2 -6al)cenyl, phenyl, naphthyl, C3-6cycloal)eyl or 

Het/ each optionally subs&fcuted by ' or 
RiS-c^^aijcyi groups, or ii) R 17 Is as above and (R 18 R 19 C) are 

5 joined together to form. a phenyl, naphthyl, C3-6pycloalkyl or 

Het ring, or iii) *R 17 is as 1 above and -R 18 and R 19 together are 

=0; 

R 22 is H, Cx.galkyl, phenyl or. phenyl^i-4alkyl; 

R» is -X'-(CH 2 ) qNR 24 R 2 f/ X w [ ( <CH 2 ) rO>a]R?*^ 3 " > f ; 
10 CH 2 X" [ ( (CH2) xO) a 1 R 26 # or benzofinyl?" indoiyl*, azacycloaDcyl, 
azabicyclo C7-ncycloalkyl or benzopiperidinyl, optionally . 
' -< substituted with Ci. 4 aUcyl; ' " * • ^ \ • * * 

q is 2-5; 

s is 1-6 and r is 1-3 within each repeating unit s; 
IS X 1 is CH 2 , 0, S or NH; *" r ' 1 ; S " 

X w is CH 2 , NR», 0, SV SO or SQi; " 1 
R 24 and R 25 are i) Ci-$alkyl, optionally substituted by 
OH, Ci-3alkoxy, or N(R') 2 / ii) the same or different and^ 
joined together to form a 5-7 member, heterocycle containing 
20 up to two additional heteroatoms selected from.KR, 0, S, SO, 
S0 2 , said heterocycle opt ionally subst ittit e<L with Ci-^alkyl, 
iii) aromatic heterocycle,. optionally substituted with 
Ci-4alkyl or N(R f ) 2 ; — ? : - : % *'{$\'y\Z m r.{i^ I .' ;; v-.v* *: . 

R 1 is H or Ci-4aUcyl; ;- lt te>* * » , :: 

25 R 26 is H, Ci- 4 al3cyl, C(<>).R 27 r; C(«0)U[ (CH 2 ) m O]nR , / 

P («0) (OM) 2r CQ2R 27 , C (fO) NR 27 R 28 , . where M . is ; a mono or 
divalent metal ion, and U is NR^or .O;^ a * x ; t 

R 27 is Ci-galkyl or Ar, ; optionally ^substituted with : one 
..or more hydroxy/ carboxy , t halo, Ci-3alkoxy, CONR' 2 , NR* 2 , 
30 CCfeR', SCfcNR^, CH 2 NR 2 , ( NR•C0R , , m^Sp 2 R^ ;r X^,[ (CH 2 ) rOlsR 1 or 
CH 2 X w [{CH 2 ) r O] s R , ; r 

R 28 is H, Ci-ealkyl or together. with ( R 27 u forms a , 5- 7 
membered heterocycle or a 6 sienibered heterocycle containing a 
heteroatom selected from N, 0*and S;^ V -vo:) \v k 

35 m is 1-4; and; . , 4 , .: Vt -.. r V . 

. . ri is 0 or 1; .. .. . . < ; «\ . ; , % 

- or a pharmaceutically acceptable salt thereof. \ -jO 
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. : 2 . : A compound; according, to : claim 1 wherein : 

.... Rl R3 Ci-6alkyl f Ar-Ci-Galkyl, Ar-C2-ealkenyl, 

w : fj Ar-Ca-ealkynyl, *or Ci-6alkyl optionally . substituted by one to 
<■ i>: five fluorine, atoms; .... 

5 , < Xis.N-R 11 ;. * • 

R 4 is CONR^CHRSR 7 ; . . .. . . • 

.10 .r vv- irR5,is R 10 -NR"; i-. V ! • .. , 

'srii- «.r;r,vR7,is H, Ci^alkyl, * C3-6cycloalkyl, phenyl or benzyl; 

R 8 is H, Ci-salkyl, COR 12 , NQ2 or Br; ■ . . 
acl0t r ^- v.-:R 9 is ;H, NQ2, -Br,. COR 1 ?,- CF3, ; Ar, Ci- € alkyl , or- 

-L-i Ci^alkyl-Rl5 r . : wherein iR 1 ? is E r Ci- 6 alkyl, .Ar f OCi- 6 alkyl, 
NH 2 , and.R 15 is OH;. * *. 
1 -■ : tv yv , :U A.is-H, <Het, R 17 (R 18 R 19 C) m -W or Het-W;. . ; ; 
^ :;3.-is:absent: or.yal;;> i\ • n i 

15 R 17 , R 18 and R 19 ^ H# or Ci- 4 alkyl, Het or.Ar, each 

-V ;s optionally-substituted- by one or two R 15 or; R 15 Ci-salkyl 
\ groups, v or- ^R^R^C) are joined- together/ to fform a phenyl, 
C3-gcycloalkyl or Het ring; and ^1 • v : . c*h . -i , 
i! jiiir: :v,r ;J,W( is C-0, - OC (-0) V " NHC (-0) , NHC(-S) or SC(«0) . ! 

3. A- compound according to claim- 1: wherein R 4 is - 
-■^'COKRllCHR^ and X is- N-H. 

4. A compound according to claim 3 wherein R 8 is H and R* 
-25 ; - is : H .or : COR 12 . : ; 'v^ . : 

5. A compound according to claim 4 wherein R 7 . is . Ci_galkyl • 

•' r i-. ; j . y.^j*....," ---rf- ' ; ■ . . . . 

—A -16.:. K;A ; compound according, to claim 3 wherein R 1 is benzyl and 
30 R 3 is benzyl, 4-hydroxy-benzyl 'or phenylpropenyl . •■** 

7; -A)con^ound accoitfing to claim* 3 wherein A is 
R i7 (R i8 R w c)m . Wr ^ R i7, R i8 and R ».are H r . or Ci- 4 alkyl, Het 

: > •"; or* Ar. ^ r. *. . ..** .;.••* ^; .*>.;.* *: : • -. - • . • 

8. A confound according to claim' 3 wherein : B is absent and 
. A is Ci-galkylOC («p) . 
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9. A compound according* to* claiia 3 -wherein : W is C^O, 

v 10. A compound according to claim 1 where'in'tlie compound is 
(2R, AS, 5S, 1 ' S) -2-phenylmet^yl-4-hydroxy-5-(t-butoicy<»rbonyl) - 
5 amino- 6-pheny 1-N- (1 1 -isopropyl-1 ( imida'zo^-yl ) ) methyl- 
hexanamide hydrochloride; .'A-^ ^ 03 y.i l fi- 
(2R, AS, 5S, 1 • S) -2^henylmet±yl-4-hydro^r5- ( t-butoaqycarbonyl) - 
: amino- 6-pheny 1-N- [ 1 * -isopropyl-1 - (4-amljaocarBonyl-tliiazo-2- 
yl) ]methyl-hexanamide; : : - J ,i 'Ai^iy . 
10 (2R, 4S, 5S, 1 1 S) -2-phenylmethyl-4-hydroxy-5- ( t^Sutoxycarfabnyl) - 
'v* amino-6-phenyl-N-[l f -isopr<^ 

hexanamide; ° - 4%l * 

(2R, AS, 5S, 1 * S) -2-phenylmet±yl-4-hydr6xy-5-- ( t-butoxycarbonyl) - 
amino- 6-phenyl-N- ( 1 • -imidazo-2-yl) methyl^hexanamide 
15 hydrochloride; • ^ - - * ^ - : '« . 
(2R, AS, SS, 1 * S) -2-phenylmethyl-4-hydroxy-5- ( t-but03tf carbonyl) - 
amino- 6-phenyl-N- [1 '-methyl-l (imidazo-2-yl) ]s methyl- 
hexanamide hydrochloride; .'j ■■ V: io f\/i^?v.cv-^-e*" 
(2R, 4S, 5S r 1 • S ) -2-phenylmethy 1-4 -hydroxy-5- (t-butoxycarbonyl) - 
20 amino- 6-phenyl-N- [1 f -benzyl-l f - (imidazo-2-yl) ]methyl- 
hexanamide hydrochloride; - 1. '.^n...* *! --..>xc:.- -v* 
(2R, 4S, 5S, 1 • S) -5- (carbobenzyloxy) aItliri6-4-hydroxy-N-(l , -- 
isoprdpyl-1 , -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
! t- hexanamide; ' o.: *•• ■:^^•Ift•>:^<'^'•:-*J ^ :■■■ 1 ^^^^-:■• '<» 

25 (2R, 4S, SS, 1 • S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 f - 
isopropyl-1 • - (4, 5-dimethyl) imidazol-2-yl] methyl-6-phenyl-2- 
,-phenylmethyl-hexanamide;* 1 ; * - : : Iv: ; '*v A 

(2R, 4S, 5S, 1 9 S) -5- ( t-butoxycarbonyl) amin^4-hydro^-N- tl f - ? 
• isopropyl-l f - CN r -methyl) imidazol-2-yl] methyl-6-phenyl-2- 
30 phenylmethyl-hexeuiamide;. - oa. , \;:{- ^vv,..: : 

(2R, AS, SS, 1 1 S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- (1 *- 
isopropyl-1 9 ^inddazol-2-yl)methyl^^ ' vt 

phenylpropargyl) hexanamide; /" i*. « : - : > ; v . 
(2R, 4S, 5S, 1 9 S) -5- (isopropoxycarbonyl) amino-4 -hydroxy-N- (1 9 - 
35 isopropyl-1 f -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
u-i. . hexanamide; • . * . ■! *o..oh" 



.WO 93/02057 



PCT/US92/06047 



; . - 135 - 

_ • j '-(^v^S^S^l'jSJ-S-tb^zyloxyethpxycarbonyl) amino-4-hydroxy-N- 
v (l*-isopr^yl-lV-i«i!cia2ol-2-yl)inethyl-6-phenyl-2- ..[■ 
phenylmethyl-hexanamide; 

- * ; v (2R f 4S f SS^l 'S) -5- (methoxycarbonyl) amino-4-hydroxy-N- (1 

o S isppropyl-1 Vlndda2olr2-yl)methyl-6-phenyl-2-phenylmethyl- 
hexanamlde; : .m 

(2R, AS, SS, 1 ' S) -5- (ethoxycarbonyl) amino-4-hydroxy-N- (1 r - 

o :,isoprppyl-l , ri«ddazol-2-yl)methyl-6-phenyl-2^henylmethyl^ 
hexanamlde; . !\ 

.10 : (2R / .4S # 5S / l , S)-5-(t-butoxycarbonyl)aitdno-4-hyd^^ 

isopropyl-1* -imidazol-2-yl) methyl-6-phenyl-2- (3-phenyl-2- 
propenyl) hexanamlde; I . i * " < . 
r (2R, AS, 5S, 1 • S) -5~ ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 
. lsopropyl-l , -(4Tnitrolmidazol-2-yl) ]methyl-6-phenyl-2- 
15 phenylmethyl-hexanamide; 

- " I (2R, AS, SS, 1 • S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- (1 
h- "ethylrl !-imidazol-2-yl) methyl- 6-phenyl-2-phenylmethy 1- 
hexanamide; 

• ( 2R, AS , 5S, 1 f S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- (1 • - 
* 20 v propyl-1 1 -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
hexanamide; % : ; 

• T . (2R, AS, SS, l/S)-5~ (tr-butoxycarbonyl) amino-4-hydroxy-N- [1 f - 
isopropyl-l , -(4-bromoimidazol-2-yl) ]methyl-6-phenyl-2- 
phenylmethyl-hexanamide; - 
25 . (2R; AS, 5S, 1 ■ S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 • - 
-Hi? isopropyl^l. , -.(4 # 5-dibrcmoindda201--2-yl) ]pethyl-6-phenyl-2- 
phenylmethyl-hexanamide; 

- .: : (2R, 4S, SS, 1 1 S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 f - 

isopropylrl J. 7 (4rmethylimidazol-2-yl) ] methyl-6-phenyl-2- 
30 phenylmethyl-hexanamide; 

- ^ (2R,4S,5S, l^is)-5-(t-butoxycarbonyl^amino-4-hydrpxy7N-[l , - 
!-j isopropylr-1 ■ - (4-trif luoromethylimidazol-2-yl) ]methyl-6- 

pheny 1-2-phenylmet hyl-hexanamide ; 
* i (2R r AS, SS,!' S) -5- ( t-butoxycarbbnyl) amino-4-hydroxy-N-methyl- 
35 ^(l'risopropyl-l'-imidazol^-ylJmethyl-S-phenyl^- 
phenylmethy 1-hexanamide ; 
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(2R, AS, SS, 1 ' S) -5- ( t-*utoxycarbonyl) ainin<^4-hydroi^N- [1 
isopropyl-1'- ( 4-carbomethoxyimida2oi-2-y 1 ) ]methyi-6-plienyl-2- 
phenylmethyl-hexanamide; * - ■ • - • " - ~ ' - ; ; C : 
<2R, AS, SS, 1 • S) -5- (t-bntoxycarbdnyl) anintf-4 -hydroxy-N- [1 
5 isopropyl-1 (4^ethylcarbonyllMdazol-2-yl) ] methyl-6-pbenyl- 
2-phenylmethyi-hexanamide; ' :rt \ 
(2R, AS,SS, 1 f S) -5- ( t-butoxycarbonyl) ainiria-4-hydro3cy-N- [1 f - 
isopropyl-1 • - (4-isopropylcarbonyl-iMdazbl-2-yl) lraetbyl-6- 
phenyl-2-phenylinethyl-hexanamide; •ny*'tt*. 

10 (2R, 4S , SS, 1 • S) -5- ( t-butoxycarbonyl) aminb^4-hydrbxy-N- [l 11 - 
isopropyl-1 • - (4-pbehylcarbonyl-lmida20l-2-yl) ] methyl-6- 

\. phenyl-2-pheny Imethyl-hexanamide ; :.:K'$r*;:<:.t: ! * v ^ vtffc-.. . 

(2R r AS, SS, 1 ' S) -5- ( t-butoxycarbonyl) amin6-4-llydr6xy-N-[l , -• 
isopropyl-1 ' - (4-f ormylimidazol-2-yl) ] methyl-6-phenyl-2- 

15 phenylmethyl-hexanamide; v : - * -/ * 

(2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyl) amino^4-hydroxy-N- [1 f - 
- , isopropyl-1 • - (4- (hydroxymethyl) -iraidazoi-2-yl) ] metiiyl-6- 

phenyl-2-phenylmethyl-hexanaiiiide; V" ■- - - -w- 

. (2R, AS, SS, 1 t S) -5- ( (tetrabydrotbibpyrah-4--yl) oxycarbonyl) - 

20 amino-4-hyd*oxy-N- (1 , -isqprqpyl-l f -imidazol-2-yl) methyl-6- 
phenyl-2-phenylmethyl-hexanamide; . > 

(2R, 4S, SS, 1 9 S) -5- ( (tetrabydr^^H^yranM-yl) oxycarbonyl) - 
amino-4-hydroxy-N- (1 • -isopropyl-1 f -imidazol-2-yl) methyl-6- 
phenyl-2-phenylmethyl-hexanamide>:;: : ^ : lv ,.y : ^\ 

25 : (2R / 4S / 5S r l , S)-S-(4^icollayloxy)aidio-4-]i^ > 
isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl-2^henylmethyl- 
hexanamide; '-- v * -*• '■' 

(2R, 4S/ 5S, 1 • S) -5- ( t-butoxycarbonyl) amincH4-hydroxy-N- (1 • - 
isopropyl-1 , -inddazol-2-yl)methyl-6-plienyl i -2- (4,4,4- - 

30 trifluorobut-l-yl) hexanamide ; . -.*.?; *■ ' -: : 'v:a.v .v A*: ; 
; <2R, 4S r 5S / l , S)-S-(t^utoxycarbonyl)amino-4-hydroxy-N- 
isopropyl-l • - (4- ( (IRS) -1-hydroxyethyl) -inddazol-2-yl) ]methyl- 
6-phenyl-2-phenylmethyl-hexanainide; ; .j&i *J:f ; : i i. 
(2R, 4S, 5S, 1 ■ S) -S- ( t-butoxycariDonyl) amino- : 4-hydroxy i -N-[l , -(l- 

35 methy^propyl-l'-timidazol^-yl).^ 

phenyimethyl-hexanamide; ; t> ? '*'/r / ':• 
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- ) ' (2R> 4S/ 5S, 1 1 S) -5-, (propylamlnocarbonyl) amino-4-hydroxy-N- [1 1 - 
isopropyl-1 • - (imidazol-2-yl) J methyl- 6-pheny 1-2-pheny lmethy 1- 
hexanamide; .v lf * v . 

„ (2R,4S,5S, l'S) -5- (.4rhydfoxybutanoyl)amino-4-hyclroxy-N-a , - 
5 isopropylrlV-lJni^201-2-yl)methyl-.6-plienyl-2- • 
phenylxnethylhexanamide; v. * 

(2R, 4S, 5S; 1 * S ).-2-phenylmethyl-4-hydroxy-5- (benzyloxy- 
- i: carbonyl) valylandno-6-phenyl-N- (1 '-isobutyl-l 1 -imidazo-2- 
yl)methyl-hexanamide; . :>f' : *: \. 

10*** r (2R # 4S r 5S / l , S)^2^henylmethyl-4-hydroxy-5--(N-acetylvalyl)- 
amino- 6-phenyl-N- (1 , -isobutyl-l , -imidazo-2-yl) methyl- 
hexanamide; : 
(2R, 4S, 5S, 1 1 S) -5- [ (imidazol-2-yl) methylb3^carbonyl]amino-4- 
: * x i hydroxy-N- (1 1 -isoprqpyl-1 1 -imidazol-2-yl) methyi-6-phenyl-2- 
15 phenylmethyl-hexanamide; 

: (2R;4S>5S / l l S / l w RS)-5-((l w -(lnddazol-2-yl)-2 n ^ 

propyloxycarbonyl) amino-4-hydroxy-N- (1 • -isqpropyl-1 • - 
imidazol-2-yl) metoyl-6-phenyl-2^phenylmeth^^ 
5 > ; (2R' r 4S, 5S, 1 • S) ^5-( t-butoxycarbonyl) amino-4-hydroxy-N- [1 
b 20 .vr isopropyl-1 !- (4- (lnddazol^2-yl)lmida201-2-yl)]methyl-6-* .. 

\;:phenyl-2-phenylmethyl-hexaaamide;. " , * 

;>n n«(2R, 4Sr : SS/lVS)-S-(l-oxo-tiiian-4-yl)oxycarbonyl)ami^ 
' ( ' hydroxy-N- (r'-isopropyl^l'-ijaidazol^-ylJmethyl-S-phenyr^- 
;?/ -phenyliDLethylhexanamide; * v * ^ ' ;i 
25 •* - (2R,4S; 5S , l l • S) -5- ( (tetrahydrosiilf onylpyran-4- 

~yl) oxy carbonyl) amino-4*-hydroxy-N- (1 f -isopropyl-l , -lmidazol-2- 
yl)inethyl-6-phenyl--2-phenylmethylhexanamide; 

- . (2R, 4S, 5S, 1 ,: S) -5- ( (IV l-dimethyl72- (benzyloxycarbonyl- 

i r glycyloxy) ethoxycarbonyl) airiino-4-tiydr6^-N- { 1 9 -isbpropyl-1 1 - 

**30 ^.imidazol-2-yl)methyl-6-pheriylr^^ 

hydrochloride salt; ^.i : v. '* * * - : 

<2R r 4S, 5S, 1 1 S) -5- ( (1, l-dlmethyl-2-glycyloxy) ethoxycarbonyl) - 

- amino-4-hydroxy-NT : (r?risopropyl-l . , -±midazol-2-yl> methyl-6- 
% ; ^phenyl-2-phenylmethylrhexanai^^ ; 

35 o! (2R, 4S, 5S; 1 • S) rrS- (;(l-acetyl) amino-^ -hydroxy-N- (1 '-isopropyl- 
• 1 • -imidazol-2-yl) methyl- 6-phenylr2-phenylmethylhexanamide; 
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(2R / 4S / 5S,l , S)-5-(t-botoavcarbonyl)aiBdji6-4-li7dr^ 

■ :: isopropyl-l'laildazdl-2-yI)inetKyl-6-^pbenyl-2-t4- j 

benzyloxyphenylmethyl)hexanamide; . -.at 

■ ■ •(2Rf4S r 5S,l , 'S)'-5-(t-buto*ycarb^ 

s isopropyl-1 'iJi*dazbl-2-yl)metb^^^^ • 
hydroxyphenylmethyl) hexanaaide* y ;. i'* 3 ^ *«• f"- 

(2R, 4S, 5S) -5- (t-buto^carfjonyl) amla^-liydroxy^- : ; 
» > P henyliaetAyl-6^henyl-N-[lVcyclppropyl-l. , -lxaida2ol--2-- 

yljinethyl-hexanainide;. is*-*:: ?-j ;-a<r 

10 (2R/4S / 5S / l , S)-5-((isopr<^yltJiiol)CM^ohyl}-ainlno-4-liydro»^ 
2-phenylmethyl-6-phenyl-N-[l-isopropyl-l!-lmidazol-2- 

yl]methyl-hexanamide; • • ir ' of? 

(2R, 4S, 5S, 1 • S) -5- [3- (lH-imidazol-2-yl) -3-hydroxy-^-', 
methylpentylamido] -4-hydroxy-N- (l'-isopropyl-l ' -imidazol-2- 
is yi)methyl-6-plienyl-2-pb.enylmethyl-liexanamlde; • -/ r.f'» 
- .. (2R,4S,5SA , S)-5-I(4^eth<)^heno^)cai±onyl]8anino-4-hydrosy- 

NJ(ii^isopropyl-l*-iinidazol-2^ 

phenylmethyl-b.exanamide; ji. ji-v . "*z ' l\ lo •>»'. =«•■' 
2R, 4S, 5S, 1 •• S) -5- (t-btxtylaminocarbonyl) amlnoMTbydr^xy-N-(l , •- 
20 : is opropyl-1 ' -imidazol-2-yl) methyl- S-phenylmethy l-heicanamide ; 
(2R, 4S, 58,1 * S) -5- (methylaminocarbonyl)-amino-4-hydroxy-N-(l 
. isopropyl-1 »-imidazol-2-yl)nethyl-6--phenylmetliyl-h6xanainide; 
<2R, 4S, 5S, 1 • S) -5-phenylaminocJU±>onyl).araino-4-hydxoxy-N- (l'- 
isopropyl-l ' -imidazol-2-yl) methylrrG-rpbeny Imetbyl-hexamide ; 
2S (2R, 4S, 5S, 1*S) -5-N- (propylaminocarbonyl) amino-^4-hydroxy-N- 
,. ; (I'-isopropyl-l'-ixnidazol^-y^metbyl-^heny^ethyl- 

hexamide; * r;c ■ /'■ ^-•^ t " 

(2R, 4S, 5S, 1 • S) -5-. (n^ropylandnbtliiono) aDdii^rliyd^oxjr 11 * 
( 1 'isopropyl-1 1 -imidazol-2ryl) methyi- S^henylmethy 1-hexamide ; 
30 2R, 4S, 5S, 1 • S) -5- (isopropylaminocarbonyl)r.ai^ 

(1 '-isopropyl-1 ^-imidazol^-yl) methyl-^-phenylmetliyl- 

hexamide; *. *.<. *- % v; >• /*.- 1 

• (2R / 4S / 5SA'S)-5-(ainin6carbpnyl)amin(^4-hydro^ 

isopropyl-I • -imidazol-2-yi) 
35 . (2R/ 45,5s/ 1 *S) -5- (6-^inoliiiylmetliylo5cy-carbonyl) amino-4- 

i. hydroxy-N-(l'-isopropyl-i!-W ' - * 

phenylmethyl-hexanamide; 
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(2R, 4S, 5S, 1 • S) -5r (benzoyl) amino-4-hydroaqf-N- (1 f -isopropyl-1 • 
imidazol-2-yl) methyl-6-phenylmethyl-hexanamide ; 
(2R, 4S, 5S, 1 • S) -5- (2-furylcarbonyl) amino-4-hydroxy-N- (1 f — 
, " isopropylrl 1 rrimidazolr2ryl) me tiyl- 6^henylmetAy 1-hexanamide ; 
-5 -h (2R,.4S, 5S, 1 ' S) -5^ (4-methoxybenzoyl) amino-4-hydroxy-N- (1 •- 
.isopropylrl • ^imidazol-2-yl) methyl- 6-pheny Imethy 1-hexanamide ; 
(2R, 4S, 5S, 1 • S) -5-benzylcarbonyl) amino-4-hydroxy-N- (1 
isopropyl-1 1 -imidazol-2-yl) methyl- 6-phenylmethyl-hexamide ; 
' W(2R,4S/ 5S, l l S)-S*(4-hydro^benzoyl)ainino--4-hydroxy-N- (1 M - 
10 isopropyl-1 • -imidazol-2-yl) methyl-6-phenyimethyl-hexanamide ; 

(2R, 4S,.5S, 1 1 S) -5- (cinnamoyl) amino-4-hydroxy-N- (1 f -isopropyl- 
.:. av :i *-imidazol-2-yl) methyl-6-phenylmethyl-hexanamide; 

(2R, 4S, 5S, 1 • S) -5- (2-hydroxybenzoyl) amirio-4-hydroxy-N- (1 f - 
isopropyl-1 \-imidazol-2-yl) methyl- 6-phenylmethyl-hexanamide; 
15 i <- (2R, 4S, 5S, 1 1 S) -5- (imidazioyl-4-yl-acetyl) amino-4 -hydr oxy-N- 
-Jm(i ' -isopropyl-1 1 -imidazol-2-yl) methyl- 6-phenylmethyl- 
hexanamide; \ V: ( ■ . ;:: 
(2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 • - 
<'?: isopropyl-1 (4rcarf>omethoxyethylimidazol-2-yl) ] methyl-6- 
20. phenyl-2-phenylmethyl-hexanamide; c , 

(2R, 4S, 5S, 1 \S) -5- ( t-butoaycarbonyl) amino-4-hydroxy-N- [1*- 
isopropyl-1 1 - (4-carboxamidoimidazol-2-yl) ] methyl-6-phenyl~2- 
phenylmethyl-hexanamide ; 

(2R, 4S, 5S, 1 , sy-2-phenylmethyl-4-hydroxy-5- (5- (1-oxopropyl) -2- 
25 thiazolyl) amino) ^6-phenyl-N- (1 1 -isopropyl-1 (imidazo-2- 
yl) ) methyl-hexanamide; 

(2R, 4S, 5S, 1 r S) -2-phenylmethyl-4-hydroxy-5- (5- (1-oxopropyl) -2- 
thiazolyl) amino) -6-phenyl-N- (V -isopropyl-1 (imidazo-2- 
* yl) ) methyl-hexanamide; ■ j;: ; ^ . 

30io jl (2R, 4S, 5S r 1 • S )-2-phenylmethyl-4-hydroxy-5- (5-propyl-2- 
tMazolyl) amino) -6-phenyl-N- (1 1 -isopropyl-1 \- (imidazo-2- 
yl) ) methyl-hexanamide; and ■.".;n; ■. ,* *:-m?-v.;; • o.v . 
• (2R, 4S, 5S r 1 • S) -5- (nicotinyl) amino-4-hydroxy-N- ( 1 •-i.sopropyl- 
1 • -imidazol-2-yl) methyl- 6-phenylmethyl-hexamide . 

35 * !% " K " , * 

11." A compound according "to claim 1 which is (2R,4S, SS^S)- 
5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [ 1 • -isopropyl-1 1 - ( 4- 
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isopropylcarbonylimidaiol-2-yl) ] metHyl-6-phenyl-r2r- j ,^ ... t - 
phenylmethyl-hexanamide* ■->.-—; , >.i . 

* • •».....*. v* ..«• s Ci'...,^_* v:-:* 

12. A compound according' 1 to- claim' l-which/is (2R/4S f SS f l , S)- 
* 5 2-phenylmethyl-4-hydroxy-5-(£^utoxy^ 

N- (1 1 -isoprppyl-1 f - (imidazo-2-yl) ) metliyl-hexanamide . 

•<r . ; .: ■ ,*lyrn^-c-{ i?- 

. :13. A pharmaceutical composition: con^risiiig' a .compound 
1 V. 'according to Claim 1 and a pharinaceutically.vacceptable 
10 carrier.* .\ .... J -A L < ; * ^v..v : .-.§c;:Jt; •»» ; 

. ■* ' ii., s : . »rJ. •• " -ii-- . v^i." •* v-**) 
14 ^ A pharmaceutical formulation, comprising. a compound. 
. according to Claim 1 and an .oil> *.\- .. 

.15 15. A method of treating < disease states associated with HIV 
- ■infection comprising administering " f ■m'■■e£^ec^w^i^mt• of. a 
compound according to Claim 1. \^1tj >.ir< -.sn' 

• ;*.<* :•■ ?•■■■:> — .>:2\. " V-S) 

16. The use of a compound according to Claims l:*in* the 
20 manufacture of a medicament • v ± ^^'^-^ >r d., <- . 
; ' • - v v ; :\.-v -: f ". - -(V. " • ^ 

17. A compound of the formula: h . .: >. : 

->rn* :*>:••!;■■'•: • .75.:' ■ </V 

25 , 7."- ' - - ; : : :.tmit)#^ i - w .V.-v-'-' ';£j ^ 

wherein Pr 2 is an amino protecting/ groups and R 7 '/*; R 8 ' and R 9 ' 
are as defined in Claim .1 with uy/^xeacti^.t'^^oi^s^zotiected. 

30 18. A compound of formula: ;*" '.v?t.' ^>-iv:i. . £v. 
..• ; ** - - r : «*i •'*-■ * ; ..Z' . r> 




wherein: 
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Rl and R3 are each Independently Cj-gaUcyl, 
j .ArrSi-galkyr, ^ HetrCi-6alkyi; v C 2 -6 alJcen yl> Ar-C 2 _gaUcenyl, 
, j: ^ Het-C 2 _galkenyl, , C3_gcycloalkyl-Ci_galkyl or 

Ca-gcycloaUcenyl-Ci^gallcyl;;-: • v " 
5 ; ;R2 U is ; H.or OH; : , : ..^ t - (: 

'•-.**■: . :o"-\:r- •(••: o . h. q- -\. •?».! 

R 4 is Rg-NH-, or :-L ^" N H Ra- 



ni 
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R5 is Rg-NH- or Riq-NH; * * ' 

-it 

Rg is . Ro % .i 

wherein: - 

X is NRn # ,0,- or S, : 
v . 0-^11^?: H ' or C^alkyl; ' • 
. ; iv-Rs^and R9 axel each *: independently H, OH, halo, acyl, 
1 ( ' .:\ V ; { P ;pr ^substituted ! alkyl;* 

15. ''wherein: ^ 

X is NH, 0, or 5; [ 
n ; .r - ; .- y is a: -fused C 2 _4 allcylene, aryl or heteroaryl 

moiety;*' ■" 1: . ■ -• 

R7 is Ci-galkyl, Ar-Ci-galkyl,; Het-Cj-galkyl, 
20 C 2 _galkenyl, Ar-C 2 «galkenyl, Het-C 2 _galkenyl, 
i :C3-gcycloalkyl-Ci-g alkyl or Cs-gcycloalkenyl-Cj^galkyl; 
r.v ir. Rio is a moiety;A-(B) n -,\ where n« 0 or 1; and B is, 
independently, an a-amino acid chosen from the group: Ala, 
Asn, Cys, Trp, Gly, Gin, lie, Leu, Met, Phe, Pro, Ser, Thr, 
25 Tyr, Val, 'His,- or-trifluoroalanine, wherein the amino group 
1 * of : B is : bonded to s A and the carboxy group of B is bonded to 
the . structure; ' 

A is ^covalently attached ;to the amino group of the 
v adjacent 'residue : B or to- the-: amino group of the structure ±£ 
;.30u n* « 0 and^is : - * * ; 1 ^ 

1) .trityl, ' 

•* 2) hydrogen, 1 
mj > - J '3) ?! Ci-galkyl/ * • 
1 i; 4) Ri4-CO-wherein R14 is:'' 
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• a) hydrogen;'* 1 "v** C ; ^ ^ i • 

b) j Ci-^alkyl, r.&isubstituted' or £ Substituted with 

one or more hydroxyl*. *grbxq>sV» chlorine atoms f 
or fluorl^iB^atomS/ '**" ^^ 1 " ^ 1 i,,0 i : ' -£p 

c) phenyl or naphthyl %nsubsti!tut;ed or 
substituted with one or more substituents R15 
wherein^Ris is: _ tJ?> ,. ",.| •■ 

i) Ci-4alkyl, . / n? . ,\, : - 

ii) halogen, where : , halogen is F, CI, Br or 

iii) hydroxyl, - 

iv) nitro, - - : jr. • 

v) Ci-3alkoxy, ^or ■;!■; , s.c 

vi) -CO-N (R16) 2 therein- R16 is, 
independently/- H or Cj^alkyl; or 

d) a 5-7 ; member heterocycle ; such as pyridyl, . . 
furyl, or berizisoxazolyl; 

phthaloyl wherein /the aromatic' ring is 
unsubstituted or substituted with one or more 
substituents R15; , 

i Rl7 (R18R19C) inrCd^ wherein at. 1-3 ancl 4 3E^i7/ * Ri8r 
and R19 are independently: c?f 

a) * hydrog^,;; * i- ;; v; ; ;iv i". ^ \l , 

b) chlorine or *;f luorine, k& x , ;u •: '.g..^:: ?> 

... c): Ci-3aUcyl}unsubstituted>or /substituted with 
one or more chlorine or if lubrine atoms or 
hydroxyl groups, . . ,v'A as. 1: 

d) hydroxyl,, . .j,> - ..p , & 

e) phenyl^.or naphthyl^ unsubstituted or/'- s 
substituted {.with oie or : more . substituents R15, 

f) Ci-3aUcoxy, * • 

g) . a 5^7 member JieterbcycleVi Or, 

b) Rl7f Rl8f R 19 ; may..bei independently joined 
to form a monocylic, bi cyclic, ..or tricycle 
ring system each ring.' of., which^.is C3-$ . . 
cycloalkyl; nr,\o. :^V; "* 

Rl7(Rl8Rl9C)m-W- wherein; m«. ; 1-3 and W is OCO or 
SO2 and Rrz^Ris, and R19 .are .as defined above, 
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•sup or 

l„ . . . . . » . 

I 



..... ..." - •..--.143 - _ 

except R17, Ri8, and R19 are not chlorine,, fluorine. 
; ..7. "or hydroxy! 'if -they :are' adjacent : " 

j^^^^i^ ?; a ^-7 meinber;heterocycle such 
as pyridyl, furyl, or benzisoxazolyl; ; 
9 > ^21-W- wherein R21. is phenyl. or naphthyl ...... ! 

: imsubst'ituted^br substituted with ' one or more 
subsituents R15; 

■ 10)" Ri7-W8Ri9C)^-P(b) (OR22) - wherein R22 is 
alkyl or phenyl; 

pharmaceutical^ acceptable salt thereof • 1 ° ! 
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